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A taxonomic revision of the genus Cycas 
(Cycadaceae) in Australia 


K.D. Hill 


Abstract 

Hill, K.D. (National Herbariiun of New South Wales, Royal Botanic Gardens, Mrs Macquaries 
Road, Sydney, NSW 2000, Australia) 1996. A taxonomic revision of the genus Cycas (Cycadaceae) in 
Australia. Telopea 7(1); 1-64. A taxonomic revision of the genus Cycas in Australia is presented, with 
a key to all species and maps of distribution. Sixteen species not treated in earlier papers are 
described and illustrated. Twenty-seven species are recognised, six of them described here as new 
(C. badensis, C. maconochiei, C. semota, C. tuckeri, C. xipholepis and C. yorkiana). Six new subspecies 
are recognised (C. arnhemica subspp. natja and muninga, C. maconochiei subspp. lanata and viridis, 
and C, media subspp. ensata and banksii), and C. lane-poolei is reinstated from synonymy. 
All Australian species are placed in section Cycas subsection Endemicae, with seven series 
recognised and described, five of them new. 


Introduction 

This paper concludes a review of the genus Cycas in Australia (earlier papers are Hill 
1992, 1993, 1994a). The study was initiated during preparation of an account of the 
Australian 'gymnosperms' for Volume 48 of the Flora of Australia, during which the 
taxonomic 'status quo' was found to be inadequate. Infrageneric relationships, 
evolution and biogeography are discussed elsewhere (Hill 1996). Morphological 
terminology follows earlier papers in this series, and a full generic description can also 
be found in Hill (1992). 


Materials and methods 

All taxa have been studied in the field except C. arenicola and C. desolata. Herbarium 
collections held by BM, BRl, CANB, CBG, DNA, K and L have been examined 
(herbarium abbreviations follow Holmgren et al. 1990). 


A 


Taxonomic history 

The genus Cycas was described by Linnaeus (1753, 1754) with a single species 
C. circinalis, although much of the material he cited has since been separated as 
different taxa. C. circhialis as now circumscribed (see Hill 1995) is based on Todda Fauna 
of Idaeede (1682), from the Malabar coast of south-western India, as lectotypified by 
Stevenson (in Jarvis et al. 1993). 

Robert Brown (1810) described the first Australian species, C. media and C. angulata. 
The next significant study of Cycas was that of Miquel, who published a series of 
works on the cycads (e.g. 1840, 1842, 1847, 1868, 1869). He named C. gracilis and 
C. armstrongii from Australia, among many non-Australian species. Bentham (1873) 
reduced all Australian species to C. media, with the qualification that the group was 
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complex and required further critical study, particularly in the field. Some subsequent 
Australian treatments have followed Bentham (e.g. Ewart & Davies 1917). 

Mueller (1874,1876,1882) subsequently described C. kennedi/mm, C. nomianbyam and 
C. cairnsiana. Bailey (1883,1902,1913) uncritically accepted the species as described by 
Mueller. 

Gardner (1922,1923) recognised two additional species, C. basaltica and C. lane-poolei, 
both from the Kimberley region of Western Australia. At about the same time, 
Fitzgerald (1918) described C. furfuracea from the same region. Pilger (1926) ignored all 
described taxa from this region and from the Northern Territory, recognising only 
C. media, C. cairnsiana and C. normanbyana in Australia. 

Schuster (1932) included C. armslrongii and C. angulata in the type variety of C. media, 
and recognised C.furfuracea, C. basaltica and C. lane-poolei as three distinct varieties of 
C. media. Schusteris elaborate intraspecific hierarchies were often nonsensical 
(see Johnson 1959), and little significance can be attached to this treatment. Schuster 
did, however, propose an infrageneric breakdown that is more defensible, and, with 
modification, will be followed here (see Hill 1993b). 

Johnson (1959) revised the Australian cycads other than Cycas, and established the 
currently accepted family classification. He recognised some of the problems in Cycas, 
stating that 'a difficult and protracted task awaits any responsible monographer of 
the genus'. 

Maconochie (1978) described two new taxa in Western Australia and tlie Northern 
Territory (C. pruinosa and C. calcicola), and later (1980) recognised the distinctive nature 
of C. angulata, C. armstrongii, C. basaltica and C. firfuracea in a summary contribution to 
a student text. The morphological studies by Chirgwin (1993 and unpub.) indicated that 
the Northern Territory occurrences were taxonomically complex, and led to description 
of one new taxon (C. conferta). My studies have addressed aspects of the cycads of 
Queensland and the Northern Territory, and have already recognised 10 additional 
species, six in Queensland and four in the Northern Territory (Hill 1992,1993,1994a). 


Species concepts 

The genus Cycas shows a complex geographic replacement pattern throughout its 
range in Australia, with many very closely related entities. The region of most 
complexity is the Northern Territory, where two series (see below) occur in a mosaic. 
The first is the C. armstrongii alliance, characterised by the spinescent cataphylls, the 
non-recurved margins of the pinnae and fhe reduced hypodermis. This group 
comprises C. armstrongii, C. conferta, C. orientis, and C. canalis from the Northern 
Territory, C. lane-poolei from Western Australia, C. xipholepis from Queensland and 
C. papuana from the Western Province of New Guinea. The second is the C. calcicola 
group, with soft cataphylls and pinnae with recurved or revolute margins and 
continuous hypodermis, comprising and C. arenicola, C. arnliemica, C. calcicola and 
C. maconocliiei. Other characters such as the dense orange tomentum shared by 
C. lane-poolei, C. canalis and C. maconocliiei suggest, however, that these species may be 
closer to each other than each may be to other species with similar pinna margins. 
Although several of these taxa are similar in many respects, the homoplasy evident in 
these characters does not always allow unequivocal aggregation into groups that 
could be treated as species with subordinate subspecies. In order to satisfactorily 
separate and recognise groups of populations which show real, albeit sometimes 
small, differences, many of the taxa are treated herein as distinct species. This rather 
narrow view of species is considered preferable to the arbitrary submerging of these 
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recognisably distinct and true-breeding groups of populations into broader and less 
meaningful 'species', and the consequent loss of information on the real diversity of 
these plants. The rank of subspecies is used in other cases where clearly defined 
species show a consistent pattern of geographic variation, but the pattern shows a 
clinal transition from one area to another. Subspecies are also recognised in some 
disjunct examples where clinal transition is lacking, but the overall species is coherent 
and the degree of regional variation limited. 

Species definition is complicated by the variability of some of the characters that have 
been traditionally used to separate taxa. Development of spines on petioles is often 
variable within populations, and often changes with age in most taxa in Australia. 
Microsporophylls vary considerably in size and shape from base to apex of the cone, 
in particular, the apical spine is reduced or absent on the lowermost sporophylls, 
gradually increasing in size towards the apex or towards the centre of the cone 
(see also Amoroso 1986). Megasporophylls also vary in size, shape of lamina, and 
number of ovules. This can depend on their position within a growth flush, the first 
and last produced often being markedly smaller and less elaborate than those in the 
centre. Surveys of all characters across several populations have been carried out for 
all taxa that have been studied in the field. 


Hybridism 

The problem of hybridism in Cycas has been introduced elsewhere (Hill 1992). The lack 
of pollinator specificity, when combined with the apparently weak inherent fertility 
barriers, results in the major reproductive barrier between Cycas species in nature 
being geographic separation. Natural populations of Cycas species are usually widely 
separated geographically, and some breakdown of reproductive isolation would 
therefore be expected where different species have spread to within pollination range 
of each other. 

A number of naturally occurring populations are postulated to be of just such hybrid 
origin. These are morphologically intermediate between the putative parent species and 
also show the high degree of variability to be expected from Mendelian segregation in 
second and later generations. Hybrid or intergrading populations have been recorded 
from throughout the range of Cycas in Australia, wherever different species grow in 
relatively close proximity. These include hybrids between C. armstrongii and C. conferta, 
C. armstrongii and C. maconochici, C. cakicola and C. conferta, and C. arnhemica and 
C. orientis in the Northern Territory, C. basaltica and C. lane-poolei in Western Australia. 
In Queensland, hybrid populations occur between C. media and C. platyphylla, C. media 
and C. ophiolitica, and C. ophiolitica and C. megacarpa. Representative specimens from 
populations postulated to be of hybrid origin are cited in the appendix in alphabetical 
order of parent species. Representatives of transitional populations between subspecies 
of the same species are cited under the relevant species. 


Leaf structure 

Cycas displays features of leaf anatomy that are unique in the seed plants. Individual 
pinnae have a single longitudinal vein (or midrib) with a single vascular bundle, 
with no accessory or lateral veining. There is, however, a continuous layer of 
undifferentiated transfusion tissue lying between the upper and lower mesophyll 
layers and extending from the midrib almost to the leaf margin. This tissue is 
composed of mixed xylem-like and phloem-like cells which probably function as 
xylem and phloem in normal vascular tissue (see also Lamb 1923). 
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This feature is constant in all species examined, but other details of leaf anatomy vary 
considerably, and allow recognition of a number of distinct groups within Ci/cas in 
Australia. TTie following differences have been observed (see Figs 1 & 2); 

1. Upper mesophyll is usually not continuous across the midrib, but may be 
in some species. This feature is also not constant in some species. 

2. Lower mesophyll cells may be equidimensional or elongated and palisade¬ 
like, or somewhat intermediate between these two forms. 

3. Lower mesophyll is usually not continuous across the midrib, but may be 
in some species. This feature is also not constant in some species. 

4. Hypodermis (across the lamina, excluding the midrib and margin) may be 
continuous, interrupted or absent. 

5. Hypodermis (when continuous) may be one, two or three cell layers thick. 

6. Leaf margins may have single or multiple layers of hypodermis. 

7. Stomatal subsidiary cells may be raised and thickened or undifferentiated 
from general epidermal cells. 

8. Stomatal crypts may be shallow and open, or deep and restricted by over¬ 
arching subsidiary or epidermal cells. 

9. Cuticle varies considerably in thickness between species. 

Anatomical differences are enumerated below in discussions of species or groups. 


Evolutionary considerations 

Suites of anatomical character states frequently correlate; for example, continuous 
hypodermis usually occurs together with thickened cuticle, recurved or revolute leaf 
margins and deeply encrypted stomata. This suite occurs in taxa from drier 
environments such as C. cciirnsicina and C. pruinoso, presumably representing 
ecological adaptation to aridity. The basic state in Cycas is apparently more 
mesophyllous (see Hill 1996), and this suite of adaptations is thus apomorphic in 
several Australian groups. 

Another apomorphic character in the Australian taxa is the development of palisade 
cells in the lower or abaxial mesophyll, a condition not seen in Cijcas outside Australia. 
The interrupted upper and lower mesophyll conditions are also apparently 
apomorphic, although somewhat plastic and often variable within species within the 
Australian region. 

The tendency towards similifaciality in the leaves of series Armstwngianoscie is also 
apomorphic, with this condition occurring only in that series, and the basic state in the 
genus being strongly dorsiventral. 


Taxonomic treatment 

The Australian species and some of the taxa from Papua New Guinea comprise section 
Cycfls subsection Endemicae. Seven series are recognised within this section, five of 
them endemic in Australia. 
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Fig. 1. Leaf sections, a, C. media subsp. ensata, Hind 2289 (series Endemicosae). b, C. tuckeri, Maconochie 
2690 (series Yorkianosae). c, C. cairnsiana, Hill 3757 (series Cairnsianosae). d, C. angulata, Hill 4132 
(series Angulatosae). e, C. canalis subsp. carinata, Hill 4061 (series Armstrongianosae). f, C. arnhemica 
subsp. arnhemica, Maconochie 1471 (series Calcicolosae). g, C. calcicola, Hill 3967 (series Calcicolosae). 
h, C. furfuracea, Maconochie 1196 (series Eurfiiraceosae). i, C. pruinosa, Wilson 843 (series Furfuraceosae). 























































6 


Telopea 7(1): 1996 


Section Cycas 

Section Lemuricae Schuster, Pflanzenr. 99: 65 (1932), nom. illegit. 

Section Cycas is defined by the combination of glabrous ovules and a non-pectinate 
megasporophyll lamina. These characters are implicit in all species descriptions below. 
Three subsections are recognised, only one occurring in Australia (Hill 1994a). 

Subsection Endemkae Schuster, Pflanzenr. 99: 65 (1932). 

Type species: Cycas media R. Brown , Prodr.: 348 (1810), lectotype designated by Hill 
(1994b). ^ 

This subsection is distinguished by the relatively flattened microsporophylls with a 
short and sharply upturned apical spine, the lack of a spongy endocarp layer, and the 
lack of a fibrous layer in the sarcotesta. Pinnae are often pungent-acuminate, as stated 
by Schuster, but not in all species, and often no more so than in other groups. Seven 
series are recognised (see also Hill 1994a), five of them endemic in Australia, and two 
occurring in both Australia and New Guinea (Fig. 3). The total number of species now 
recognised in the section is 30, with 27 endemic in Australia, and three endemic in 
New Guinea. This makes it the largest infrageneric group within the genus, and makes 
Australia the richest area in number of species, although not in overall diversity at 
higher taxonomic levels. 



Fig. 2. Stomatal sections, a, C. media subsp. ensata, Hind 2289 (series Endemicosae). b, C. tuckcri 
Maconochie 2690 (series Yorkianosae). c, C. cairnsiana, Hill 3757 (series Caimsianosae). d, C. au^data, Hill 
4132 (series An^dalosae). e, C. canalis subsp. carinata. Hill 4061 (series Armstmigiaiwsae). f, C. arnliemica 
subsp. arnhemica, Maconochie 1471 (series Calcicolosae). g, C. calcicola, Hill 3967 (series Calcicolosae). 
h, C.furfuracea, Maconochie 1196 (series Furfuraceosae). i, C. pndnosa, Wilson 843 (series Furfuraceosae). 
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Fig. 3. Distribution of the genus Cycas (a), and subsection Endemicae (b). 
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Key to the series 

1 Basal pinnae gradually reducing in size 

2 Basal pinnae reducing to spines; lateral megasporophyll teeth large, not pungent 
. Series Furfiiraceosae (species 25-27) 

2* Basal pinnae not reducing to spines; lateral megasporophyll teeth small, pungent 

. Series Calcicolosae (species 21 to 24) 

1* Basal pinnae not gradually reducing in size 

4 Hypodermis absent; leaf margins flat Series Armstrongianosae (species 15 to 20) 
4* Hypodermis present; leaf margins recurved 
5 Hypodermis interrupted; leaves green 

6 Cataphylls strongly spinescent Series Endemicosae (species 1 to 4) 

6* Cataphylls soft, not spinescent Series Yorkianosae (species 5 to 8) 

5* Hypodermis continuous; leaves grey or blue 

7 Leaves strongly glaucous; male cones small to medium, ovoid . 

. Series Cairnsianosae (species 9 to 12) 

7* Leaves not strongly glaucous; male cones large, subglobose 

. Series Angulatosae (species 13 and 14) 


Key to the Australian species 

1 Margins of pinnae revolute; pinnae narrow (mostly less than 4 mm wide) 

2 Mature pinnae densely tomentose, at least beneath 

3 Pinnae numerous (210-410), narrow (2.0-4.0 mm wide); crowded (spaced at 

4-6 mm on rachis), abruptly tapered apically . 24. C. calcicola 

Pinnae not as numerous (180-270), wider (4.5-6.5 mm wide); not crowded 
(spaced at 9-14 mm on rachis), gradually tapered apically ... 23. C. arenicola 

2* Mature pinnae not densely tomentose 

4 Microsporangiate cones fusiform, > 35 cm long . 27. C. pruinosa 

4* Microsporangiate cones ovoid to narrowly ovoid, < 30 cm long 

5 Pinnae green . 21. C. amhemica 

5* Pinnae glaucous 

6 Cataphylls soft . 10. C. caimsiana 

6* Cataphylls pungent . 12. C. desolata 

1 Margins of pinnae flat or recurved, pinnae not revolute; pinnae more than 4 mm wide 

7 Midrib of pinnae equally prominent above and below; pinna margins flat and not 
distinctly thickened 

8 New growth strongly glaucous . 19. C. canalis 

8* New growth green or bluish green 

9 Pinnae concolorous, partly amphistomatic, crowded .... 17, C. conferta 
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9* Pinnae more or less discolorous, hypostomatic, well-spaced on rachis 
10 Stem less than 12 cm diam.; seeds less than 38 mm long; cataphylls 


finely orange- and grey-tomentose . 18. C. armstrongii 

10*Stem more than 12 cm diam. 

11 Cataphylls densely orange-woolly or floccose .... 20. C. lane-poolei 
11* Cataphylls shortly pale brown-tomentose . 15. C. xipholepis 


7* Midrib of pinnae not prominent above, very prominent below; pinna margins 
slightly to distinctly recurved, distinctly thickened 

13 Basal pinnae progressively reduced in size 
14 Ultimate basal pinnae merging into spines 

15 Leaves keeled (included angle between opposing pinnae 135° or less); 


pinnae inserted at 40-60° on rachis . 25. C. furfuracea 

15* Leaves flat (included angle between opposing pinnae inserted 
150-180°); pinnae inserted at 60-90° on rachis . 26. C. basaltica 


14* Ultimate basal pinnae clearly separated from spines 

16 Crown and cataphylls densely orange-woolly or floccose . 

. 22. C. maconochiei 

16* Crown and cataphylls shortly grey and orange-tomentose . 

. 21. C. amhemica 


13* Basal not pinnae progressively reduced in size 
17 Leaves keeled 

18 Cataphylls hard, pungent 

19 Stems slender (< 15 cm diam.); leaves short (70-110 cm long); 
cataphylls short (to 7 cm long) . 3. C. megacarpa 

19* Stems thick (> 17 cm diam.); leaves long (110 cm long or usually 
longer); cataphylls long (7 cm long or usually longer) 

20 Pinnae up to 6 mm wide, margins distinctly recurved . 

. 14. C. angulata 

20* Pinnae more than 6 mm wide, margins slightly recurved ... 
. 13. C. brunnea 


18* Cataphylls soft, not pungent 
21 New growth glaucous 

22 New growth with mainly white or grey trichomes . 

. 11. C. couttsiana 


22* New growth with mostly brown or orange trichomes 

23 Pinnae 6.0-7.5 mm wide; leaves keeled at 80-120° . 

. 8. C. ophiolitica 

23* Pinnae 4.6-6.0 mm wide; leaves keeled at 45-60° . 

. 9. C. platyphylla 


21* New growth green 

24 Crown and cataphylls densely orange-woolly or floccose 
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25 Megasporophyll apex 60-100 mm long, with 24-32 
lateral spines 3-6 mm long, apical spine 12-16 mm long 
. 4. C. yorkiana 

25*Megasporophyll apex 50-55 mm long, with 22-24 lateral 

spines 1-4 mm long, apical spine 21-25 mm long . 

. 5. C. badensis 

24* Crown and cataphylls very shortly grey to white-sericose 

26 Megasporophylls short (10-12 cm); apex dilated 


(38-50 mm wide) . 6. C. tuckeri 

26*Megasporophylls longer (13-20 cm); apex not dilated 
(20-28 mm wide) . 7. C. semota 

17* Leaves flat 

27 Pinnae 10 mm wide or wider; cataphylls deciduous .... 1. C. silvestris 
27* Pinnae < 9 mm wide; cataphylls persistent 

28 Pinnae brown-tomentose beneath . 23. C. arenicola 

28* Pinnae glabrous beneath 

29 Pinna margins slightly to moderately recurved .... 2. C. media 
29* Pinna margins flat . 16. C. orientis 


Series Endemicosae 

Type species: Cycas media R. Br. 

Leaves openly keeled (opposing ranks of pinnae arranged at an angle of more than 120°) 
to almost flat; basal pmnae not gradually reducing to spines; cataphylls hard, pungent; 
microsporangiate cone medium-size, ovoid, yellow- to orange-brown; megasporophyll 
lamina narrowly to broadly triangular, lateral teeth to 10 mm long, pungent. Upper 
mesophyll usually continuous, sometimes interrupted at midrib, with a distinct basal 
layer of equidimensional cells; lower mesophyll interrupted at midrib, composed of 
equidimensional, elongated or palisade cells; laminar hypodermis absent or scant, 

discontinuous; stomatal crypts shallow, open; subsidiary cells undifferentiated- 
cuticle thin. 

A series of 3 species, ranging down the east coast of Australia from eastern Cape York 
Peninsula to south-eastern Queensland (Fig. 4). 


1. Cycas silvestris K.D. Hill, Telopea 5(1): 181 (1992). 

Type: Queensland: Cook District: c. 0.75 km NW of Bolt Head, /. Clarkson 8813 & 
}. Neldner, 14 July 1990 (holo NSW; iso BRI, MBA). 

Illustration: Hill (1992: 182, Fig. 1). 

See Hill (1992) for full description and specimen citations. 

Leaf anatomy: upper mesophyll continuous or interrupted at midrib, composed of 
palisade and equidimensional cells; lower mesophyll interrupted at midrib, composed 
o equidirnensional cells only; laminar hypodermis absent; marginal hypodermis 2 cell 
ayers thick; stomatal crypts shallow, open; subsidiary cells undifferentiated; cuticle thin. 
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Notes: distinguished from other Australian species by the broader and relatively thinner 
adult pinnae. A striking qualitative distinction not previously recorded is the smooth 
trunk, resulting from the shedding of leaf bases and cataphylls more than about 4 years 
old. These organs are retained throughout in C. media and other species in this subseries. 

The broad, falcate pinnae and the non-pectinate megasporophyll apex with a distinct 
apical spine are similar to those of the complex surrounding C. mmphii Miq., which 
comprises an unknown number of taxa ranging from Sri Lanka and East Africa to Fiji 
and Tonga. Seeds, however, lack the spongy layer present in the C. rumphii complex 
(Dehgan & Yuen 1983, Hill 1994). C. silvesfris also differs from superficially similar taxa 
on South Pacific Islands (C. seemamiii A. Br.) in the strongly spinose petiole (the Pacific 
Island plants have no or rarely few spines on petioles) and the markedly smaller seeds. 
Three taxa in the C. nimpliii group are known from Papua New Guinea ( Hill 1994), all 
of which differ from C. silvestris in the large seeds with spongy endocarp. Early reports 
of C. rumphii from Queensland refer to C. silvestris (Bailey 1913). 

Distribution: C. silvestris is known only from subcoastal forests near the north-eastern 
tip of Cape York Peninsula, near Temple Bay and to the north and south of the Olive 
River estuary (Fig. 4). These quite rich and complex rainforests and Meiaieuca- 
dominated forests occur on white siliceous old beach-dune sands, and this cycad 
appears to be endemic to that substrate. 

Conservation status: 2V-. This taxon is known from a few small stands that are not 
adequately reserved. 

2. Cycas media R. Brown, Prodr.: 348 (1810). 

Type: Queensland: Calder Island, R. Brown (holo BM; iso K). 

See Hill (1992) for notes on typification. 

Leaf anatomy: upper mesophyll interrupted at midrib, composed of palisade and 
equidimensional cells; lower mesophyll interrupted at midrib, composed of 
equidimensional and partly elongated cells; laminar hypodermis discontinuous, 1 cell 
layer thick when present; marginal hypodermis 2 cell layers thick; stomatal crypts 
shallow, open; subsidiary cells undifferentiated; cuticle thin. 

Notes: distinguished from other Australian species by the glabrous, glossy green leaves 
with more or less flat pinnae, and the relatively small seeds. The similar C. silvestris has 
broader pinnae and a smooth trunk, and the similar C. megacarpa has usually shorter, 
more strongly keeled leaves with fewer pinnae, larger seeds, and a more slender trunk. 
Plants from near-coastal sites in the Cooktown district and north of there have wider and 
more distinctly falcate pinnae and smaller seeds. An isolated population on the east coast 
of Cape York Peninsula near the Rocky River estuary is distinguished by much longer 
cataphylls. These variants are recognised below as subspecies. 

Distribution: widespread and locally common in open or closed forest or occasionally 
rainforest in eastern Queensland, from south of Mackay to coastal Cape York 
Peninsula, east of Coen (Fig. 4). 


Key to the subspecies 


1 Pinnae 5-7 mm wide, margins distinctly recurved . 2A. subsp. media 

1* Pinnae 7-10 mm wide, margins slightly recurved 

2 Longest cataphylls more than 100 mm long . 2B. subsp. ensata 

2* Longest cataphylls less than 90 mm long . 2C. subsp. banksii 
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2A. Cycas media subsp. media 

Cycfls gracilis Miquel, Versl. K. Acad. Wet. Amsterdam 15: 366 (1863). 

Type: Queensland, near Cape Upstart, F. Mueller (holo U 028108, photo seen). 

Cycas iwrtna7ibyam F. Mueller, Fragm. 8:169 (1874). 

Cycas riimphii Miq. subsp. norinanbyam (F. Mueller) Schuster, Pflanzenr. 99: 75 (1932). 

Type: Queensland: Port Denison, £. Fitzalan, Apr 1874 (holo MEL 68048, photo seen). 

Cycas gracilis Miquel var. glauca Regel, Act. Hort. Petropol. 4: 282 (1876). 

Type: probably from cultivated material in collections of or supplied by the following 
collectors (not seen). These were cited by Regel as 'C. media h. Van Houtte. - C. Boddami 
h. Haage et Schm. - Macrozamia latifrons h. Bull. - C. Normanbyana h. Belg.' 
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Fig. 4. Distribution of series Endemicosae (see Fig. 12, p. 25, for distribution of C. ophiolitica and 
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Fig. 5. Cycrts media subsp. media, a, part of leaf, c, section of pinna, d, e, microsporophyll. 
f, g, megasporophyll with seed and stipe (in two sections), h, i, j, tips of different megasporophylls 
(a, c, h from Hill 3713;, d, e, f, g from Hill 3711;] from Hill 3785). Cycas media subsp. banksii. b, section 
of pinna, i, tip of megasporophyll (b, i from Hill 3777). Scale bar: a = 1 cm, b, c = 2 mm; d-i = 1 cm. 
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Cycas gracilis Miquel var. viridis Regel, Act. Hort. Petropol. 4: 282 (1876). 

Type: probably from cultivated material in collections of or supplied by the following 
collectors (not seen). Tliese were cited by Regel as 'C. gracilis h. Pauli. - C. Riumiana 
h. Turic. Habitat in Nova Hollandia tropica.' 

Cycas kennedyana F. MueUer, Australas. Chem. Drugg. 4(47): 85 (1882). 

Type: Queensland, Port Denison, £. Fitzalan, 1881 (syn MEL 68039,68044, photos seen). 
Illustration: Hill (1992:186, Fig. 3a, c-h, j). 

Leaves 70-180 cm long; median pinnae 130-210 mm long, 5-7 mm wide, margins 
distinctly recurved. Longest cataphyUs 60-90 mm long. Seeds 34—39 mm long, 32-35 mm 
wide. Fig. 5. 

Notes: the names C. kennedyam and C. normanbyam have been widely applied to 
forms of C. media subsp. media, and also erroneously to two other Queensland species 
from south of the range of C. media. The diagnostic features of these 'taxa' as originally 
described occur at random through most populations of C. media subsp. media. 
Typification of these taxa has been discussed previously (Hill 1991). 

Distribution: locally abundant in coastal eucalypt forests, from around Cardwell 
south to around St Lawrence (Fig. 4). This subspecies is usually found on sites that 
offer good soil drainage, often on sandy soils and on sloping sites. 

Conservation status: not considered to be at risk. 

Selected specimens: Queensland: 40 km S of Ingham, Maconochie 2733, 24 June 1981 (DNA, BRI, 
NSW); Storth, Hill 3713 & Stanberg, 25 July 1990 (NSW); Cape Upstart, SW side. Hill 3711 & Stanberg, 
25 July 1990 (NSW); track over Normanby Range on Mt Hector station. Hill 3784,3785 & Stanberg, 
6 Aug 1990 (NSW, BRI); 1 km S of Kuttabul road on Seaforth-Mackay road. Hind 2869 A & B, 
29 Dec 1980 (NSW); c. 13 km S of Clareview on Bmce Highway, Hind 2858, 25 Dec 1980 (NSW). 

Intergrades, subsp. media - subsp. battksii 

Queensland: Cook: 5 miles [8 km] from Gordonvale on Atherton road, Briggs 1971, 
3 Aug 1968 (NSW); crest of Herberton Range on Atherton-Herberton road. Hill 3768 
& Stanberg, 1 Aug 1990 (NSW). 

2B. Cycas media subsp. ensata K.D. Hill, subsp. nov. 

A subspecie typica pinnis latioribus marginibus minus recurvis, seminibus minor, 
differt. A subspecie banksii cataphyllis longioribus, differ!. 

Type: Queensland: Rocky River track, 24.9 km N of Silver Plains homestead, K.D. Hill 
4686 & L. Stanberg, 8 Jul 1994 (holo NSW; iso BRI, CANB, DNA, K, L, NY) 

Leaves 140-230 cm long; median pinnae 130-240 mm long, 7.5-9 mm wide. Longest 
cataphylls 100-120 mm long. Seeds 33-36 mm long, 29-32 mm wide. Fig. 6. 

Distinguished by the very long, hard and sharp cataphylls. 

Distribution: known from the coastal plain north of Silver Plains homestead, 
apparently extending as far north as Lockhart River (Fig. 4). Locally abundant in tall 
eucalypt forest-rainforest ecotonal areas with Livistona muelleri on flat country, on 
deep alluvial sandy soil. 

Conservation status: locally abundant and Isolated, not considered to be greatly at 
risk, but warranting a status code of 2R- at least until a more comprehensive survey of 
the occurrence can be conducted. 
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Etymology: the epithet is from the Latin ensatus, a sword, in reference to the unusually 
long and sharp cataphylls. 

Selected specimens: Queensland: Cook: 1 km W of Lockhart, Harris 81, 6 Oct 1974 (DNA, BRI); 
Rocky River, Timber Reserve 14, Stocker 1051, 7 Sep 1973 (Ql^, BRI); Rocky River track, 24.9 km 
N of Silver Plains homestead. Hill 4687 & Stanberg, 8 Jul 1994 (NSW); c. 29 km N of Silver Plains 
homestead on track to Rocky River, Hind 2288, 2289 ,14 Aug 1978 (NSW). 

2C. Cycas media subsp. banksii K.D. Hill, subsp. nov. 

Ab subspecie typica pinnis latioribus marginibus minus recurvis, seminibus minor, 
differt. Ab subspecie ensata cataphyllis brevioribus, differt. 

Type; Queensland: Hopevale turnoff, on Cooktown to Battle Camp road, K.D. Hill 4721 
& L. Stanberg, 15 Jul 1994 (holo NSW; iso BRI, CANB, DNA, K, L, MEL, NY) 

Illustration: Hill (1992:186, Fig. 3b, i). 

Leaves 100-200 cm long; median pinnae 130-240 mm long, 7-10 mm wide, margins 
slightly recurved. Longest cataphylls 70-100 mm long. Seeds 31-36 mm long, 26-32 mm 
wide. Fig. 5. 



Fig. 6. C. media subsp. ensata. a, part of leaf, b, section of pinna, c, megasporophyll with ovules 
and stipe. Scale bar: a, c, = 1 cm; b = 2 mm. 
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Distinguished from subsp. ensata by the shorter cataphylls and from subsp media by 
the relatively broad pinnae. 

Distribution: abundant in near-coastal sites, usually in tall eucalypt forests, from 
north of Cooktown to south of Cairns (Fig. 4). 

Conservation status: widespread and locally abundant, not considered to be at risk. 

Etymology: the epithet commemorates Joseph Banks, botanist on Cook's first voyage, 
and first European to collect this taxon, at Endeavour River in 1770. 

Selected specimens: Queensland: Cook: Banks & Solandcr, 1770 (BM); base of Grassy Hill, 
Cooktown, Hill 3774 & Stanberg, 2 Aug 1990 (NSW); 0.9 km N of Wujal Wujal (Bloomfield), Hill 
3777 b Stanberg, 3 Aug 1990 (NSW, BRl); 31 miles [c. 50 km] N of Cairns, Byrnes 2422 a, 9 Nov 1971 
(DNA, NSW); 5 miles [8 km] from Gordonvale on Atherton road, Briggs 1971, 3 Aug 1968 (NSW); 
crest of Herberton Range on Atherton-Herberton road. Hill 3768 & sianberg, 1 Aug 1990 (NSW). 

3. Cycas megacarpa K.D. Hill, Telopea 5(1): 188 (1992). 

Type: Queensland: Port Curtis District: W side of Blackmans Gap, 20.9 km from Bruce 
Highway at Miriam Vale on Manypeaks road, K.D. Hill 4142 & L. Stanberg, 1 Oct 1991 
(holo NSW; iso BRl, CANB, DNA). 

Illustration: Hill (1992: 189, Fig. 5). 

See Hill (1992) for description and specimen citations. 

Leaf anatomy: upper mesophyll continuous, composed of palisade and 
equidimensional cells; lower mesophyll interrupted at midrib, composed of 
equidimensional and palisade cells; laminar hypodermis absent to discontinuous, 
1 cell layer thick when present; marginal hypodermis 1 cell layer thick; stomatal crypts 
shallow, open; subsidiary cells undifferentiated; cuticle thin. 

Notes: distinguished from other Australian species by the keeled green leaves and the 
large seeds. Adult leaves are also generally smaller and more keeled, the trunk is more 
slender, and seeds are larger than those of the similar C. media. 

C. megacarpa has been cultivated in Australia under the name C. kemiedyaua, but the 
type of the latter name belongs to C. media (which see). 

Distribution: scattered and localised on clay-loam soils over various substrates, usually 
on sloping country in wet eucalypt forests or rainforests. This species ranges from near 
Mount Morgan south to near Goomeri in Queensland, occurring in locally more mesic 
microhabitats, becoming quite sporadic and occurring further inland in the south of the 
range (Fig. 4). Populations near Mt Morgan show extensive intergradation with 
C. ophiolitica, but also have larger seeds than more southerly occurring plants. 

Conservation status: SVC. Although locally abundant, the eucalypt forest habitat of 
this species is not well conserved, and there is considerable risk of habitat removal for 
forestry and pastoral activity. 

Series Yorkiatiosae, K.D. Hill, ser. nov. 

Inter series subsectionis Endemicae combinatione folia plana vel parum carinata; 
pinnae inferiores non spinescentes; cataphylla brevioria non pungentia; strobilus 
masculus grandis vel aliquantum grandis, ovoideus, fulvus vel ferruginous; 
megasporophylli lamina anguste vel late triangular! dentata, dentibus pungentibus 
usque ad 5mm longis, distinguitur. 
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Type species: Cycas yorkiana K.D. Hill. 

Leaves openly keeled to almost flat; basal pinnae not gradually reducing to spines; 
cataphylls soft, not pungent; microsporangiate cone medium-size to large, ovoid to 
elongate-ovoid, yellow- to orange-brown; megasporophyll lamina narrowly to 
broadly triangular, lateral teeth to 5 mm long, pungent. Upper mesophyll continuous 
or interrupted at midrib, with a distinct basal layer of equidimensional cells; lower 
mesophyll interrupted at midrib, with well-developed palisade cells; laminar 
hypodermis continuous, less frequently discontinuous, stomatal crypts shallow, open; 
subsidiary cells undifferentiated or weakly raised and differentiated; cuticle 
moderately thick. 

A northern tropical series, with about 5 species, restricted in Australia to Cape York 
Peninsula, with two endemic species in New Guinea (Fig. 7). 



Fig. 7. Distribution of series Yorkianosae. 
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4. Cycas yorkiana K.D. Hill, sp. nov. 

Inter subsectionem Endemicae combinatione folia flavovirentia carinata, petiolis 
longioribus, pinnis carinatis et falcatis; cataphylla breviora non pungentia indumento 
floccoso, aurantiaco; sporophylla longiuscula, distinguitur. 

Type: Queensland: 20.5 km N of Wenlock River crossing on Bamaga road, K.D. Hill 
4711 & L. Stanberg, 11 ]ul 1994 (holo NSW; iso BRI, CANB, DNA, K, L, MEL, NY). 

Stem to 1.5 m tall, rarely to 3.0 m, 14—20 cm diam. Leaves 90—140 cm long, openly keeled 
in section (opposing pinnae inserted at 150-180° on rachis), with 160-220 pinnae, 
terminated by a spine 5-20 mm long; petiole loosely orange-brown-woolly or floccose, 
15-30 cm long; median pinnae at 60-75° to rachis, 140-200 mm long, 5.5-7.5 mm wide, 
glabrous or loosely orange-woolly, glossy mid-green, usually falcate, keeled in section 
with recurved margins, decurrent for 3.0-5.0 mm, narrowed to 4.0-5.0 mm at base 
(55-80% of maximum width), spaced at 9-11 mm on raclais, apex attenuate; midrib 
slightly raised above, prominent below. New growth densely woolly with orange- 
brown trichomes. Cataphylls soft, 6-8 cm long, densely orange-brown-woolly or 
floccose. Pollen cones c. 20 cm long, c. 9 cm diam. Microsporophyll lamina c. 35 mm long, 
c. 12 mm wide, apical spine c. 6 mm long. Megasporophylls 20-32 cm long, grey- and 
orange-tomentose, with 2-6 ovules, sterile apex 60-100 mm long, 16-32 mm wide, 
narrowly triangular, regularly dentate, with 24-32 lateral teeth, apical spine 11-18 mm 
long, lateral teeth 3-6 mm long. Seeds flattened-ovoid, green becoming orange, not 
pruinose, 28-37 mm long, 26-32 mm diam.; sarcotesta 2-3 mm thick. Fig. 8. 

Leaf anatomy: upper mesophyll continuous, composed of palisade and 
equidimensional cells; lower mesophyll interrupted at midrib, composed of 
equidimensional and palisade cells; laminar hypodermis continuous, less often 
discontinuous, 1 cell layer thick when present; marginal hypodermis 2 cell layers 
thick, stomatal crypts shallow, open; subsidiary cells undifferentiated or raised and 
differentiated; cuticle thick. 


Notes: distinguished from other Australian species by the bright green, keeled leaves 
with keeled and usually falcate pinnae, the short, soft cataphylls, and the thick crown 
of orange wool around the cataphylls. The closely allied C. badensis differs in having a 
smaller megasporophyll apex with fewer and shorter lateral spines and a shorter 
terrninal spine, somewhat less orange wool in the crown, and pinnae that are usually 
straight rather than falcate. C. campestris from New Guinea has similar keeled pinnae, 
but also rarely falcate, and with narrower bases. The latter species is also distinguished 
by the broader megasporophyll lamina with longer lateral teeth (see Hill 1994). The 
orange wool around the cataphylls is not present in most other species in this group, 
but occurs in a number of other more distantly related species such as C. cairnsiam, 
C. ophiolitica, C. imconochiei and C. lane-paolei. 

Distribution: extremely abundant in northern Cape York Peninsula, but apparently 
very localised within an area lying to the north of the Wenlock River (Fig. 7). A single 
specimen apparently from Rokeby {Gordon s.n.) belongs to this species, although this 
would be from within the range of C. xipholepis. C. yorkiana usually occurs as an 
understorey plant in open Eucalyptus niiniata — E. tetrodonta forest on flat country, 
on sandy soils over laterite. 

Conservation status: abundant but localised, not considered to be at risk, but the 
localised distribution warrants a code of 2R. 


Etymology: the epithet refers to the occurrence of this taxon in Cape York Peninsula. 


Selected specimens: Queensland: Cook: 31 km N of Wenlock River 
K.D. Hill 4710 & L. Stanberg, 11 Jul 1994 (NSW); 3.8 km N of Moreton 


crossing on Bamaga road, 
telegraph station. Hill 1779, 
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Fig. 8. C. yorkiana. a, part of leaf, b, section of pinna, c, megasporophyll with stipe, d, e, f, tips of 
megasporophylls (a, b, d, e, f from Hill 4711, c from Maconochie 2692). Scale bar: a, c, d, e = 1 cm; 
b = 2 mm. 
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22 July 1986 (NSW); 12 km N of Morton Telegraph station, Maconochk 2692, 2693, 16 Jun 1981 
(DNA); 5.7 km N of Wenlock River on Peninsula Development Road, Clarkson 5651, 3 Nov 1984 
(BRI, DNA); Rokeby, 45 miles [c. 72 km] NW of Coen, Cordon s.n., Oct 1966 (BRl). 

5. Cycas badensis K.D. Hill, sp. nov. 

Inter subsectionem Endemicae combinatione folia magna atroviridia carinata, pinnis 
carinatis latis; cataphylla breviora non pungentia; sporophylla longiuscula, distinguitur. 

Type: Queensland: Badu Island, J.R. Clarkson 4007, 29 Oct 1981 (holo: BRI; iso: DNA). 

Stems to 8 m tall. Leaves 100-120 cm long, moderately keeled, usually terminated by 
a spine, with 200-230 pinnae; petiole 24-26 cm long (20-25 % of total leaf length), 
glabrous, unarmed or spinescent, for 5-50% of length. Basal pinnae not gradually 
reducing to spines, pinna 60-140 mm long. Median pinnae 110-220 mm long, 
5-7.5 mm wide, glabrous, semiglossy mid to dark green, strongly discolorous, inserted 
at 50-70 degrees to rachis, section slightly keeled, margins slightly recurved, decurrent 
for 3 mm, narrowed to 3-4 mm at base (to 50-60 % of maximum width), spaced at 
8-9 mm on rachis; apex acute, spinescent; midrib flat above, raised below. New growth 
loosely tomentose with orange-brown trichomes. Cataphylls narrowly triangular, soft, 
50-90 mm long densely orange-woolly or floccose. Microsporangiate cones not seen. 
Microsporophyll lamina c. 40 mm long, c. 15 mm wide, fertile zone c. 25 mm long, 
sterile zone c. 15 mm long, level, apical spine prominent, sharply upturned, c. 4 mm 
long. Megasporophylls 23-28 cm long, brown-tomentose, with 4-6 ovules, sterile apex 
triangular, 50-55 mm long, 15-30 mm wide, regularly dentate, with 22-24 pungent 
lateral spines 1-4 mm long, 1-2 mm wide; apical spine distinct from lateral spines, 
21-25 mm long, 5 mm wide at base. Seeds flattened-ovoid, 30-35 mm long, 27—29 mm 
wide, orange-brown, not pruinose. Fig. 9. 

Notes: nearest to C. yorkiana, from which it differs in the smaller megasporophyll apex 
with fewer and shorter lateral spines and a shorter terminal spine, and somewhat less 
orange wool in the crown. Distinguished within the subsection by the short, soft 
cataphylls, the large leaves with broad pinnae, and the long megasporophylls. 

Selected specimens: Queensland: Cook: Badu Island, Harris 130, 2 Nov 1974 (DNA). 

6. Cycas tuckeri K.D. Hill, sp. nov. 

Inter subsectionem Endemicae combinatione megasporophylla brevissima lamina lata, 
comparate breviore; cataphylla breviora non pungentia indumento brevissimo, 
adpresso, distinguitur. 

Type: Queensland: Coen district, K.D. Hill 4683 & L. Stanberg,?]u\ 1994 (holo NSW; iso 
BRI, CANB, DNA, K, L, MEL, NY). 

Stem to 4.0 m tall, rarely to 6.0 m, 16-24 cm diam. Leaves 90-150 cm long, openly keeled 
in section (opposing pinnae inserted at 90-140° on rachis), with 100-200 pinnae, 
sometimes terminated by a spine 2-5 mm long; petiole loosely orange-brown-tomentose, 
20-45 cm long. Median pinnae 150-250 mm long, 7.0-9.0 mm wide, glabrous or loosely 
orange-woolly, glossy dark green, inserted at 40-50° to rachis, keeled in section with 
recurved margins, decurrent for 2.5-3.5 mm, narrowed to 2.5-4.0 mm at base (35-45% 
of maximum width), spaced at 10-17 mm on rachis, apex attenuate; midrib slightly 
raised above, prominent below. New growth loosely tomentose with orange-brown 
trichomes. Cataphylls not pungent, 50-80 mm long, finely grey-white sericeus. 
Microsporangiate cones narrow-ovoid, c. 20—30 cm long, c. 7—11 cm diam. 
Microsporophyll lamina 35-45 mm long, 12-17 mm wide; sterile apex 5-9 mm long, 
not recurved, apical spine slender, sharply upturned, 10-16 mm long. Megasporophylls 
10-14 cm long, grey-tomentose, with 2-6 ovules, sterile apex 50-65 mm long, 38-50 mm 
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Fig. 9. C. badensis. a, c, part of leaf, b, d, section of pinna, e, f, microsporophyll. g, cataphyll. 
h, megasporophyll with ovules and stipe, i, tip of megasporophyll (a, c, e, f, h, i from Harris 130, 
h, d, g from Clarkson 4007). Scale bar: a, c, e, f, g, h, i = 1 cm; b, d = 2 mm. 
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Fig. 10. C. tuckeri. a, part of leaf, b, section of pinna, c, d, microsporophyll. e, f, g, megasporophylls 
with ovules and stipe, h, tip of megasporophyll, i, seed (a, b, g, h from Hill 4684, c, d from Hill 4684A, 
f from Hill 4685, h from Hill 4683, i from Macomchie 2690). Scale bar: a, c, d, e = 1 cm; b = 2 mm. 
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wide, broadly triangular, regularly dentate, with 22-36 lateral teeth 1^ mm long, apical 
spine 19-30 mm long. Seeds flattened-ovoid, green becoming orange, not pruinose, 
28-34 mm long, 26-32 mm diam.; sarcotesta 2-3 mm thick. Fig. 10 

Leaf anatomy: upper mesophyll interrupted at midrib, composed of palisade and 
equidimensional cells; lower mesophyll interrupted at midrib, composed of 
equidimensional and palisade cells; laminar hypodermis continuous, 1 cell layer thick; 
marginal hypodermis 3 cell layers thick; stomatal crypts shallow, open; subsidiary 
cells undifferentiated or raised and differentiated; cuticle thick. 

Notes: readily distinguished among the Australian species by the very short 
megasporophylls. Only C. semota from the northern tip of Cape York Peninsula has 
comparably short megasporophylls, but those of the latter are distinctly longer, and 
the lamina is longer and narrower. The very short, soft and finely sericeus cataphylls 
are also distinctive, as is the relatively broad and short megasporophyll lamina. 

Distribution: extremely localised and restricted, known at present only from the one 
population at the type locality (Fig. 7). This species occurs in low open savanna 
woodland dominated by Eucalyptus culknii, on gritty soils on stony granite slopes. 

Conservation status: further study is required urgently to establish the status of this 
taxon, but current knowledge would indicate that it is a rare species, potentially at 
risk. A code of 2V- appears appropriate. 

Etymology: the epithet honours the late Robert Tucker, former director of the Parks 
and Gardens Department, Townsville, and a keen naturalist and horticulturist who 
spotted this plant and recognised its distinctive nature. 

Selected specimens: Queensland: Cook; Coen district (precise localities withheld): Hill 4684,4685 
& Stanberg, 7 Jul 1994 (NSW); Maconochie 2690 ,15 Jun 1981 (DNA, BRI, K, NSW). 

7. Cycas semota K.D. Hill, sp. nov. 

Inter subsectionem Endemicae combinatione megasporophylla breviora lamina 
angusta; cataphylla breviora non pungentia indumenta brevissimo, adpresso, 
distinguitur. 

Type; Queensland: Bamaga district, K.D. Hill 4708 & L. Stanberg, 10 Jul 1994 (holo 
NSW; iso BRI, CANB, DNA, K, L, MEL, NY). 

Stem to 4.0 m tall, rarely to 6.0 m, 14-24 cm diam. Leaves 110-160 cm long, openly 
keeled in section (opposing pinnae inserted at 100-130° on rachis), with 160-250 
pinnae, terminated by paired pinnae; petiole loosely orange-brown-tomentose, 
30-40 cm long; median pinnae at 55-70° to rachis, 140-200 mm long, 6.0-7.5 mm wide, 
glabrous or loosely orange-woolly, glossy dark green, keeled in section with recurved 
margins, dccurrent for 2.0-3.0 mm, narrowed to 3.0-4.0 mm at base (40-60% of 
maximum width), spaced at 8-11 mm on rachis, apex attenuate; midrib slightly raised 
above, prominent below. New growth loosely tomentose with orange-brown 
trichomes. Cataphylls not pungent, 40-70 mm long, finely grey-white sericeus. 
Microsporangiate cones not seen. Megasporophylls 10-14 cm long, grey-tomentose, 
with 2-6 ovules, sterile apex 50-65 mm long, 38-50 mm wide, broadly triangular, 
regularly dentate, with 22-36 lateral teeth, apical spine 19-30 mm long, lateral teeth 
1-4 mm long. Seeds flattened-ovoid, green becoming orange, not pruinose, 32-37 mm 
long, 28-32 mm diam.; sarcotesta 2-3 mm thick. Fig. 11. 

Notes: readily distinguished among the Australian species by the short 
megasporophylls and short, soft cataphylls with short, close indumentum. C. tiickeri 
from farther south has even shorter megasporophylls, with a distinctly shorter and 
broader lamina. The type of C. normanbyana has a similarly attenuate megasporophyll 
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Fig. 11. C. semota. a, part of leaf, b, section of pinna, c, d, microsporophyll. e, megasporophyll with 
ovules and stipe, f, g, h, i, tips of megasporophylls (a, b, c, d from Hill 4708, e from Hill 4708E, f from 
Hill 4708B, g from Hill 4708D, h from Hill 4708A, i from Hill 4708C). Scale bar: a, c, d, e, f, g, h = 2 cm; 
i = 1 cm; b = 2 mm. 
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lamina, but a much longer overall megasporophyll. Cataphylls and pinnae of the latter 
also differ (see C. media subsp. media). 

Distribution: locally abundant, but apparently restricted to the Bamaga district in far 
northern Cape York Peninsula (Fig. 7). The known habitat is in grassy understorey of 
eucalypt forest with Corymbia novoguinensis, C. tessellaris and Erythrophleum 
chloroslachys. This forest is relatively moist, and often forms a mosaic with 
mesophyllous forest, on shallow sandy soils over massive laterite. 

Conservation status: highly localised and not conserved. All specimens known are 
from the one population near the town of Bamaga, and under threat for that reason. 
Further study is required urgently to establish the status of this taxon, but current 
knowledge would indicate that it is a rare species, potentially at risk. A code of 2V- 
appears appropriate. 

Etymology: the epithet is from the Latin sernotus, remote or distant, in reference to the 
occurrence of this taxon in the farthest extremity of Cape York Peninsula. 
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Selected specimens: Queensland: Cook: Bamaga district (precise localities withheld): Hill 4706, 
4707, 4708A-D & Stanberg, 10 Jul 1994 (NSW); Brass 18924, 22 May 1948 (BRl, K, L; all ex A). 

Series Cairnsianosae K.D. Hill, ser. nov. 

Inter series subsectionis Endemicae combinatione folia carinata, pinnis inferioribus 
non spinescentibus; pinnae glaucissimae recurvae vel revolutae, hypodermide 
continua; strobili masculi grandes vel aliquantum grandes ovoideis fulves vel 
ferruginei, distinguitur. 

Type species: Ci/cas cairnsiana F. Muell. 

Leaves strongly keeled; basal pinnae not gradually reducing to spines; pinnae recurved 
to revolute, strongly glaucous; hypodermis fully continuous, often more than one layer 
of cells; cataphylls soft or hard and pungent; microsporangiate cones medium, ovoid, 
orange-brown. Upper mesophyll interrupted at midrib, composed of palisade cells 
only; lower mesophyll continuous, interrupted in C. ophiolitica, composed of partly 
elongate or palisade cells; laminar hypodermis continuous, stomata I crypts deep, closed; 
subsidiary cells raised and differentiated; cuticle moderately to very thick. 

A series of 5 species, all restricted to central northern Queensland (Fig. 12). 

8. Cycas ophiolitica K.D. Hill, Telopea 5(1): 190 (1992). 

Type: Queensland: Port Curtis District: 48.6 km S of Marlborough on Bruce Highway, 
K.D. Hill 4140 & L. Stanberg, 1 Oct 1991 (holo NSW; iso BRI, CANB, K, DNA). 

Illustration: Hill (1992:191, Fig. 7). 

See Hill (1992) for description and specimen citations. 

Leaf anatomy: upper mesophyll interrupted at midrib, composed of palisade cells 
only; lower mesophyll interrupted at midrib, composed of equidimensional and 
palisade cells; laminar hypodermis continuous, 1 cell layer thick; marginal 
hypodermis 2 cell layers thick; stomatal crypts deep, closed; subsidiary cells 
undifferentiated; cuticle thick. 

Notes: distinguished from other Australian species by the relatively broad, crowded, 
keeled and more or less glaucous pinnae, the grey- or white-tomentose petioles, the 
orange-floccose crown, and the small seeds. Pinnae are generally narrower and more 
crowded than those of both C. media and C. megacarpa, and ovules are fewer in number 
than those of C. media. Leaves are also more frequently (but not always) terminated by 
a spine rather than a pair of pinnae (both C. media and C. megacarpa show about equal 
development of terminal spine or pinnae). Pure forms are quite blue in new growth, 
becoming dark green with age, and have narrow, stiff pinnae. In these characters, 
C. ophiolitica resembles both C. platypln/lla and C. couttsiana. It differs from the former 
in the somewhat longer and broader pinnae on longer leaves with longer petioles and 
the lesser amount of orange tomentum around the cataphylls, and from the latter in 
lacking the persistent white trichomes and by the less keeled leaves. 

Although grouped with series Cairnsianosae by most characters, this species differs in 
having wider pinnae with an inte’-rupted lower hypodermis. These are characters 
present in series Endemicae, members of which show substantial intergradation with 
C. ophiolitica (see appendix). It is possible that these anomalous characters have arisen 
through introgressive introduction from the adjacent intergrading species. 

The 'core' form of this species is in cultivation (mostly as wild-collected plants) as 
Ci/cas 'Marlborough Blue'. Some of the intergrading material is also cultivated as 
C. normanbyana, although the type of the latter name belongs to C. media (which see). 
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Distribution: this species reaches its best development on red clays over serpentinites 
in the region between Marlborough and Rockhampton (Fig. 12). Substantial 
intergradation occurs with C. media and C. megacarpa respectively north and south of 
this region (Fig. 4, and see appendix), and plants from throughout the range may show 
characters of these taxa. 

Conservation status: 2V-. The habitat is poorly conserved (or unconserved), and the 
species is also under significant commercial collecting pressure. 

9. Cycas platyphylla K.D. Flill, Telopea 5(1): 193 (1992). 

Type: Queensland; Cook District: 4.3 km from Petford on Herberton road, K.D. Hill 
3764 & L. Stanberg, 1 Aug 1990 (holo NSW; iso BRI, CANB, DNA, MEL). 

Illustration: Hill (1992:194, Fig. 9). 

See Hill (1992) for description and specimen citations. 

Leaf anatomy: upper mesophyll continuous or interrupted at midrib, composed of 
palisade and equidimensional cells; lower mesophyll continuous, composed of 
equidimensional and palisade cells; laminar hypodermis continuous, 1—2 cell layers 
thick; marginal hypodermis 1-2 cell layers thick; stomatal crypts deep, closed; 
subsidiary cells raised and differentiated; cuticle very thick. 

Notes: distinguished from other Australian species by the initially bluish leaves 
becoming yellowish green, the moderately broad pinnae with recurved margins, the 
thick orange tomentum around the cataphylls, and the broad lamina of the 
megasporophylls. 

The name C. cairnsiana has been misapplied to this taxon by botanists and growers 
alike. The type locality of C. cairnsiana was unknown for a long period, but has been 
recently rediscovered. 

Distribution: known from the Petford district on the north-western Atherton 
Tableland, and a disjunct population about 250 km to the south on Wandovale station 
(Fig. 12). In both localities, it occurs in open grassy ironbark-dominated woodland on 
shallow loamy soils on stony slopes over acid to intermediate volcanics. 

An extensive and variable population in the Irvinebank - Ravenshoe - Mt Garnet 
district (Fig. 12) on the western Atherton Tableland is intermediate in all respects 
between C. plati/pbi/lla and C. media. Tliis occurrence is regarded as a highly variable 
breeding population that was originally of hybrid origin between these two taxa, 
but would now have limited scope for genetic interchange with the parent species. 

Conservation status: 2V-. The range of this species is small, and none of the habitat is 
conserved. The species is also under some threat from collectors. 

10. Cycas cairnsiana F. Mueller, Fragm. 10: 63 (1876). 

Type: Queensland: Newcastle Range, Armit, 1876 (holo MEL 68032). 

Illustration: Hill (1992; 196, Fig. 11). 

See Hill (1992) for typification, description and specimen citations. 

Leaf anatomy: upper mesophyll continuous, composed of palisade and 
equidimensional cells; lower mesophyll continuous, composed of equidimensional 
and partly elongate cells; laminar hypodermis continuous, 1-2 cell layers thick; 
marginal hypodermis 2 cell layers thick; stomatal crypts deep, closed; subsidiary cells 
raised and differentiated; cuticle very thick. 
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Notes; distinguished from other Australian species by the dense but very loose orange 
tomentum on new growth, the glabrous, strongly waxy and very glaucous mature 
leaves and seeds, and the very narrow pinnae with strongly recurved margins. 

Distribution: known from only two rather extensive and scattered populations about 
the Newcastle Range in the drier country of north-eastern Queensland, on shallow to 
skeletal gritty soils over siliceous granites (Fig. 12). Plants from the population near 
Forsayth have slightly wider pinnae than those from near Mt Surprise. 

Conservation status: 2V-. Although both known populations are large, neither area is 
conserved and the striking appearance of this plant places it under considerable long¬ 
term threat from commercial collectors. 

11. Cycas couttsiana K.D. Flill, Telopea 5(1): 197 (1992). 

Type: Queensland: Burke District: Chudleigh Park station, Gregory Range, on the 
upper Stawell River, Hill 3738 & Stanberg, 29 July 1990 (holo NSW; iso BRl, CANB, 
DNA, K, MEL). 

Illustration: Hill (1992:198, Fig. 13). 

See Hill (1992) for full description and specimen citations. 

Leaf anatomy: upper mesophyll continuous, composed of palisade and 
equidimensional cells; lower mesophyll continuous, composed of equidimensional 
and partly elongate cells; laminar hypodermis continuous, 1 cell layer thick; marginal 
hypodermis 2 cell layers thick; stomatal crypts deep, closed; subsidiary cells raised 
and differentiated; cuticle very thick. 



Fig. 13. Distribution of series Angulatosae. 
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Notes: distinguished from other Australian species by the relatively broad, subsecund, 
bluish pinnae with slightly recurved to almost flat margins, the persistent white 
tomentum, and the strongly glaucous seeds. This species is similar in habit to 
C. brumiea and C. angulata, but the plants are less robust, dark brown trlchomes are 
lacking, and male cones are smaller, ovoid and orange-brown. C. coultsiam also differs 
from C. angulata in being more glaucous. 

Distribution: known from several populations in the southern Gregory Range of 
Queensland (Fig. 12). It occurs in open grassy woodlands on red sandy loams derived 
from basalt or dolerite. 

Conservation status: 3R- (or 2R-). Although restricted, several of the known 
populations are large and not under substantial threat. 

12. Cycas desolata P.I. Forster, Austrobaileya 4(3): 345 (1995), Figs. 1-5. 

Type: Queensland: North Kennedy District: north-west of Charters Towers, P.I. Forster 
1467IB (male), 27 Jan 1994 (holo BRI). 

Illustration: Forster (1995: 345-352, Figs 1-5). 

Stems to 4(-7) m tall. Leaves 75-120 cm long, strongly keeled (opposing pinnae 
inserted at 30-50 degrees on rachis), with 90-136 pinnae. Petiole 10-23 cm long, 
unarmed. Median pinnae glabrous, strongly glaucous, light blue, dull, inserted at 
40-50 degrees to rachis, 180-210 mm long, 3.5-5 mm wide, margins recurved, 
narrowed to 2.5—4 mm at base (to 70-80% of maximum width), 1-5 mm apart on 
rachis; midrib flat above, raised below. Cataphylls linear, pungent, 30-45 mm long. 
Microsporangiate cones narrowly ovoid, orange or brown, 24-40 cm long, 8-9.5 cm 
diam. Microsporophyll lamina 28-38 mm long, 5-13 mm wide, apical spine 3-4 mm 
long. Megasporophylls 13-24 cm long, with 2-6 ovules; lamina ovate, 28-32 mm long, 
20-25 mm wide, obscurely dentate; apical spine 5-15 mm long. Seeds 35-39 mm long, 
32-35 mm wide. 

Notes: distinguished from other Australian species by the strongly glaucous, light 
blue leaves with relatively few pinnae, and the spine-free petioles. 

Distribution: known only from two populations near Charters Towers (Fig. 12). 

Conservation status: 2V-. Known only from small populations on grazing land. 

Series Angulatosae K.D. Hill, ser. nov. 

Inter series subsectionis Endemicae combinatione folia carinata, pinnis inferioribus non 
spinescentibus; pinnae plus minusve glaucissimae margine plus minusve revoluta, 
hypodermide plus minusve continua; cataphylla pungentia; strobili masculi grandes 
subglobuli fulvi, distinguitur. 

Type species: Cycas angidata R. Brown, Prodr: 348 (1810). 

Pinnae flat to slightly revolute, slightly to strongly glaucous, margins distinctly 
recurved; hypodermis extensive, almost or fully continuous; cataphylls hard, 
pungent; microsporangiate cones large, subglobular, yellow-brown. Upper mesophyll 
interrupted at midrib, with a distinct basal layer of equidimensional cells; lower 
mesophyll interrupted at midrib, with well-developed palisade cells; laminar 
hypodermis continuous, 1 cell layer thick to 2 cell layers thick; stomatal crypts deep, 
closed; subsidiary cells undifferentiated; cuticle thick. 

This group of two species has a sporadic and relictual distribution through an area on 
the southern side of the Gulf of Carpentaria, in both Queensland and the Northern 
Territory (Fig. 13). 
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13. Cycas brunnea K.D. Hill, Telopea 5(1): 200 (1992). 

Type: Queensland: Burke District: Running Waters, Lawn Hill Creek (18°43’S 138°28'S, 
Maconochie 1661 ,16 Nov 1972 (holo DNA; iso BRI). 

Illustration: Hill (1992: 201, Fig. 15). 

See Hill (1992) for full description and specimen citations. 

Leaf anatomy: upper mesophyll interrupted at midrib, composed of palisade and 
equidimensional cells; lower mesophyll interrupted at midrib, composed of 
equidimensional and palisade cells; laminar hypodermis continuous, 1-2 cell layers 
thick; marginal hypodermis 1-2 cell layers thick; stomatal crypts deep, closed; subsidiary 
cells undifferentiated; cuticle thick. 

Notes: distinguished from other Australian species by the relatively broad bluish 
pinnae with slightly recurved to almost flat margins on openly keeled leaves, the dark 
brown trichomes on new growth, and the large, strongly glaucous seeds. Most similar 
to C. angulata in habit, the large seeds, the dark brown tomentum, the large, 
subglobular male cone, and the regularly finely dentate megasporophyll lamina, but 
distinguished from that species by the broader, flatter pinnae (margins less recurved) 
which are more widely spaced on the rachis, the generally more strongly glaucous 
leaves and seeds, and the smaller seeds. 

Distribution: known from several populations in the headwaters of Lawn Hill Creek 
and its tributaries in Queensland, and on Wollogorang station in the Northern Territory 
(Fig. 13). The Lawn Hill Creek occurrence is on limestone or alluvium derived from 
limestone, in exposed situations along small, open creek valleys. The Wollogorang 
occurrences are small relictual stands in sandy alluvium in gorges in siliceous sandstone. 

Conservation status: 3RC. Although restricted, several of the known populations are 
large and not under substantial threat, and are conserved in National Parks. 

14. Cycas angulata R. Br., Prodr.: 348 (1810). 

Type: Queensland: Bountiful Island, R. Broivn (holo BM; iso K). 

Illustration: Hill (1992: 203, Fig. 17). 

See Hill (1992) for typification, description and specimen citations. 

Leaf anatomy: upper mesophyll interrupted at midrib, composed of palisade and 
equidimensional cells; lower mesophyll Interrupted at midrib, composed of 
equidimensional and palisade cells; laminar hypodermis continuous, 1-2 cell layers 
thick; marginal hypodermis 3 cell layers thick; stomatal crypts deep, closed; subsidiary 
cells undifferentiated; cuticle very thick. 

Notes: distinguished from other Australian species by the very robust habit, the keeled 
leaves with long, narrow, greyish pinnae arranged at a relatively low angle to the 
rachis, the large, subglobular male cone, and the long megasporophylls with large 
numbers of large seeds and a relatively short, finely toothed lamina. 

Distribution: a distinctive localised species, known from the lower reaches of the 
Wearyan, Foelsche and Robinson Rivers near Borroloola, and from the Bountiful 
Island group further east in the Gulf of Carpentaria (Fig. 13). In both areas it occurs in 
open grassy woodland or grassland on flat country on sandy alluvium. 

This species forms local cycad-dominated woodlands in parts of the Northern 
Territory, but is less abundant in Queensland, where it is known at present only from 
offshore islands. 
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Conservation status: not considered to be at risk. 

Series Armstrougiosae, K.D. Hill, Austral. Syst. Bot. 7: 531 (1994). 

Type species; Cycas armstnmgii Miquel. 

Pinnae flat, green or weakly glaucous, with orange-brown trichomes, margins flat or 
very slightly recurved; hypodermis absent except for a thin band along leaf margins; 
cataphylls hard, pungent; cuticle thin; microsporangiate cones small, ovoid, orange to 
brown. Upper mesophyll interrupted at midrib, composed of palisade cells with few 
equidimensional cells only; lower mesophyll interrupted at midrib, composed of 
equidimensional, partly elongated or palisade cells; laminar hypodermis absent; 
marginal hypodermis reduced; stomatal crypts shallow, open; subsidiary cells 
undifferentiated; cuticle thin 

This series of 7 species occurs in central Cape York Perunsula, Queensland, across the 
north of the Northern Territory, into the far north of Western Australia. C. papiiana 
from the Western Division of Papua New Guinea also belongs with this group 
(Fig. 14). All species occur on lateritised deep sandy soil on relatively flat sites, in 
savanna woodlands or forests. 



LEGEND 

♦ CycQs armstrongll 
V Cycas conalb 

■ Cycas conferta 
O Cycas lone-poolei 
▼ Cycas Oflentls 

# Cycas papuana 
A Cycas xipholepis 


Fig. 14. Distribution of series Armstrongianosae. 
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15. Cycas xipholepis K.D. Hill, sp. nov. 

Inter subsectionem Endemicne combinatione folia atroviridia, petiolis longioribus, 
pinnis planis et costa utrinque pariter prominula; cataphylla longioria rigida 
pungentia indumento brevissimo, adpresso, distinguitur. 

Type: Queensland: Cook: 10.5 km W of Telegraph Line road on Batavia Downs to 
Sudley road, K.D. Hill 4712 & L. Stanberg, 11 Jul 1994 (holo NSW; iso BRI, CANB, DNA, 

K, L, MEL, NY). 

Stem to 3 m tall, rarely to 8 m, 10-15 cm diam. Leaves 70-120 cm long, flat in section 
(opposing pinnae inserted at 160-180° on rachis), with 100-210 pinnae; petiole usually 
glabrous, 23-35; median pinnae at 70-90° to rachis, 75-150 mm long, 4.5-7.0 mm wide, 
glabrous, glossy dark green, flat in section witli flat margins, discolorous, decurrent for 
L5-3.0 mm, narrowed to 3.0^.0 mm at base (50-80% of maximum width), spaced at 
6-9 mm on rachis, apex attenuate; midrib prominent above, prominent below. New 
growth finely covered with appressed white and orange-brown trichomes. Cataphylls 
8-14 cm long, hard and pungent, indumentum short, appressed, grey. Microsporangiate 
cones ovoid, c. 20 cm long, c. 8 cm diam. Microsporophyll lamina c. 20 mm long, 
c. 14 mm wide; apical spine slender, sharply upturned, geniculate, flat apex c. 6 mm long, 
upturned spine c. 10 mm long. Megasporophylls 15-27 cm long, grey- and orange- 
tomentose, with 2-6 ovules, sterile apex 40-65 mm long, 20-29 mm wide, triangular, 
regularly dentate, with 16-34 lateral teeth, apical spine 17-24 mm long, lateral teeth 
5-7 mm long. Seeds flattened-ovoid, orange, slightly pruinose, 25-36 mm long, 25-34 
mm diam.; sarcotesta 3-4 mm thick. Fig. 15. 

Notes: distinguished by the dark green leaves with relatively long petioles and flat 
pinnae with the midrib equally prominent above and below, and the long, hard 
cataphylls with short, close indumentum. 

Distribution: locally abundant on flat sites on deep white to yellow sands over 
laterites or sometimes on low, stony laterite hills, mainly in savanna forests dominated 
by Eucalyptus tetrodonta. Widespread in central Cape York Peninsula, from south of 
Coen to Batavia Downs, west to Merapah (Fig. 14). 

Conservation status: locally abundant and very widespread, in remote country, not 
considered to be at risk. 

Etymology: the epithet is from the Greek xiphos, sword, and lepis, scale, referring to the 
long, hard and pungent cataphylls. 

Selected specimens: Queensland: Cook: 30 km S of Coen, beside main road, Hill 4680 & Stanberg, 
7 Jul 1994 (NSW, BRI, CANB, DNA, K, L, NY, PE); Holroyd station, near homestead, Hill 4720 & 
Stanberg, 14 Jul 1994 (NSW). 

16. Cycas orientis K.D. Hill, Telopea 5(4): 696 (1994). 

Type: Northern Territory: 48.9 km E of Badalngarrmirri Creek, K.D. Hill 3936 & 

L. Stanberg, 26 Aug 1991 (holo NSW; iso CANB, DNA). 

Illustration: Hill (1994: 697, Fig. 3). 

See Hill (1994) for description and specimen citations. 

Leaf anatomy: upper mesophyll interrupted at midrib, composed of palisade cells only; 
lower mesophyll interrupted at midrib, composed of equidimensional and partly 
elongate cells; laminar hypodermis absent; marginal hypodermis 1 cell layer thick; 
stomatal crypts shallow, open; subsidiary cells undifferentiated; cuticle very thin. 
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Fig. 15. C. xiphoiepis. a, part of leaf, b, section of pinna, c, megasporophyll with ovules and stipe, 
d, e, tips of megasporophylls. f, seed, g, cataphyll (a, b, c, d, f, g from Hill 4712, e from Hill 4720). 
Scale bar: a, c, d, e, f, g = 1 cm; b = 2 mm. 
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Notes: distinguished by the mid-green leaves with relatively long petioles and flat 
pinnae with the mid-rib more prominent beneath. Leaves in general resemble those of 
C. armslrotigii, which differs in having the midrib equally prominent on both sides of 
the pinnae. C. armstrongii also has a generally smaller stature with more slender stems 
and shorter leaves with shorter petioles. 

Distribution: locally abundant on deep white to yellow sands over laterites, mainly in 
Eucalyptus tetrodonta - E. miniata dominated savanna forests, but occurring in most 
non-swampy habitats, widespread in eastern Arnhem Land (Fig. 14). Intergradation 
occurs with C. amhemica where the ranges adjoin. 

Conservation status: abundant and widespread, not considered to be at risk. 
Although not reserved, the extreme abundance of this species would buffer it from 
any threat in the medium term. Almost all populations are on aboriginal land, and 
conserv'ation issues on such land are yet to be fully addressed. The inhibition of 
reproduction by too-frequent fire is one such issue. 

17. Cycas conferta Chirgwin in Chirgwin & Wigston, J. Adelaide Bot. Card. 15(2): 
147 (1993). 

Type: Northern Territory, G. Brown s.n., 21 Apr 1987 (holo DNA 29214). 

Stem to 4 m tall, rarely to 7 m, 9-13 cm diam. Leaves 70-110 cm long, flat or slightly 
keeled in section (opposing pinnae inserted at 130-180° on rachis), with 160-240 pinnae, 
consistently terminated by a sometimes toothed spine; petiole loosely white- tomentose, 
usually not spinescent, 20—45 cm long; median pinnae at 60-90° to rachis, 70-120 mm 
long, 6.0-8.0 mm wide, glabrous, distinctly blue-green when new, becoming dull to 
semiglossy mid-green, more or less concolorous, sometimes with stomata on the upper 
surface near the midrib in the basal half, flat in section, decurrent for 1-2 mm, narrowed 
to 3.5-5.5 mm at base (to 60-80% of maximum width), spaced at 5-8 mm on rachis, 
usually closely crowded and overlapping, apex attenuate; midrib about equally 
prominent above and below. New growth densely tomentose with white and few 
orange trichomes. Cataphylls densely orange-tomentose, 6-9 cm long. Microsporangiate 
cones orange-brown, ovoid, 11-18 cm long, 8-12 cm diam. Microsporophyll lamina 
25-29 mm long, 14—17 mm wide; sterile apex 5-9 mm long, not recurved, apical spine 
slender, sharply upturned, 7-11 mm long. Megasporophylls 17-22 cm long, grey- and 
orange-tomentose, with 2—4 ovules, sterile apex 45-75 mm long, 18-30 mm wide, 
narrowly triangular, regularly dentate, with 18-24 lateral teeth, apical spine c. 8 mm long, 
lateral teeth 1-3 mm long, 1 mm wide. Seeds narrow-ovoid, green becoming orange, 
pruinose, c. 40 mm long, c. 30 mm diam.; sarcotesta 3-4 mm thick. Fig. 16. 

Leaf anatomy: upper mesophyll interrupted at midrib, composed of palisade and 
equidimensional cells; lower mesophyll interrupted at midrib, composed of 
equidimensional and partly elongate cells; laminar hypodermis absent; marginal 
hypodermis 1-2 cell layers thick; stomatal crypts shallow, open; subsidiary cells 
undifferentiated; cuticle very thin. 

Notes: distinguished by the dull, pale green and usually very slightly bluish leaves 
with relatively long and usually unarmed petioles and broad, closely crowded, 
concolorous and often partly amphistomatic pinnae. C. armstrongii has been confused 
with this species, but differs in the shorter, more frequently spinescent petioles and the 
glossy, discolorous and more widely spaced pinnae. The habit of C. armstrongii is also 
smaller. C. papuana from the Western District of Papua New Guinea shares the long 
petioles and crowded, concolorous pinnae, but has more robust male cones with 
elongated, decurved sterile apices on the male sporophylls. 
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Distribution: a somewhat restricted species, usually occurring on sandy soils over 
granites or coarse sandstones. Sporadic and local in occurrence, forming isolated, usually 
small but dense, stands from Kakadu National Park (near Twin Falls and Goodparla 
homestead) to west of Pine Creek (Fig. 14). Populations at Mt Bundey and near Hayes 
Creek are intermediate between C. conferta and C. armstrongii, and those at Goodparla 
show slight C. armstrongii influence. Apparent hybrids with C. calcicola are also known. 



Fig. 16. C. conferta. a, part of leaf, b, section of pinna, c, megasporophyll with seed and stipe 
(from Hill 4059). Scale bar: a, c = 1 cm; b = 2 mm. 
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Conservation status: 2VC-. Populations are small and localised, and under some 
threat from collectors. Regeneration is also threatened by frequent fires and, to a lesser 
extent, seed collectors, even though some stands are conserved within Kakadu 
National Park. 

Selected specimens: Northern Territory: Darwin & Gulf: Pine Creek to Cooinda road, Chirgivin, 
9 Oct 1987 (NSW); Harriet Creek, Cliirgiviii, 15 May 1988 (NSW); near Foelsche Headland, (DNA); 
104.2 km from Amliem Highway on Kakadu Highway (2.5 km SW of South Alligator crossing). 
Hill 4014 & Stanberg, 2 Sep 1991 (NSW, CANB); 4.6 km from Kakadu Highway on old Goodparla 
track. Hill 4022 & Stanberg, 3 Sep 1991 (NSW, CANB); Harriet Creek, 25.0 km from Pine Creek, 
Hill 4059 & Stanberg, 10 Sep 1991 (NSW, CANB); 19 miles [30 km] NE of Pine Creek, Morrison, 
6Junl972(DNA). 

18. Cycas armstrongii Miquel, Arch. Neerl. Sci. Exact. Nat. 3(5); 235 (1868). 

[Ci/cas media R. Brown forma inermis Miquel, Arch. Neerl. Sci. Exact. Nat. 3(5): 235 
(1868), in syn.] 

Cycas media R.Brown var. inermis A. de Candolle, Prodr. 16(2); 528 (1868). 

Type: Northern Territory: Port Essington, Armstrong 380 (holo K, U (photo seen)). 
See discussion below. 

Stem to 3 m tall, rarely to 6 m, 5-11 cm diam. Leaves 55-90 cm long, usually somewhat 
keeled in section (opposing pinnae inserted at 130-160, sometimes to 180° on rachis), 
with 100-220 pinnae, frequently terminated by a spine; petiole usually glabrous, 
usually with spines for part of length, 10-25, sometimes to 35 cm long; median pinnae 
at 70-90° to rachis, 55-140 mm long, 4.5-8.0 mm wide, glabrous, dull green or slightly 
bluish-green when developing, becoming glossy mid-green at maturity, flat in section 
with flat margins, discolorous, decurrent for 3.0-5.0 mm, narrowed to 3.5-5.0 mm at 
base (to 50-85% of maximum width), 6.0-14.0 mm apart on rachis, apex attenuate; 
midrib more or less equally prominent above and below. New growth densely loosely 
tomentose with white and few orange trichomes, quickly becoming glabrous. 
Cataphylls densely orange-tomentose. Microsporangiate cones orange, ovoid, 
11-20 cm long, 7.5-10 cm diam. Microsporophyll lamina 24—28 mm long, 14-17 mm 
wide; sterile apex 4-6 mm long, not recurved, apical spine slender, sharply upturned, 
7-10 mm long. Megasporophylls 13-22 cm long, grey- and orange-tomentose, with 
2-4 ovules, sterile apex 30-70 mm long, 18-35 mm wide, triangular, regularly dentate, 
with 20-28 lateral teeth, apical spine 10-25 mm long, lateral teeth 1^ mm long, 
1-2 mm wide. Seeds flattened-ovoid, green becoming orange, not pruinose, 34-37 mm 
long, 32-36 mm diam.; sarcotesta 3^ mm thick. Fig. 17. 

Leaf anatomy: upper mesophyll interrupted at midrib, composed of palisade cells only; 
lower mesophyll interrupted at midrib, composed of equidimensional and partly 
elongate cells; laminar hypodermis absent; marginal hypodermis 2 cell layers thick; 
stomatal crypts shallow, open; subsidiary cells undifferentiated; cuticle very thin. 

Notes: distinguished by the glossy green mature new growth and the discolorous 
pinnae with the midrib equally prominent above and below. This species also has the 
smallest overall stature of all Australian taxa. Originally distinguished on the basis of 
the thornless petiole, but petioles are frequently at least partly spinose, and wholly 
unarmed only on about 10-15% of individuals in a population. This contrasts with 
C. conferta, which has unarmed petioles in about 90% of individuals in a population. 
The holotype specimen does not have a complete petiole, but Armstrong 379 does. 
The petiole of the latter is unarmed, and about 35 cm long, which is outside the 
usual range for C. armstrongii. The pinnae, however, are well-spaced and match 
C. armstrongii rather than C. conferta (the spacing is 10-12 mm, whereas that of 
C. conferta is usually less than 8 mm). 
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Fig. 17. C. armstrongii. a, b parts of leaves, c, d, sections of pinnae, e, f, microsporophyll. 
g, megasporophyll with seed and stipe, h, tip of tnegasporophyll (a, c, e, f from Parker NSW137882, 
b, d, g from Blaxell 88/087, h from Stone 10658). Scale bar; a, b, g, h = 1 cm; c, d = 2 mm; e, f = 5 mm. 
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This species is facultatively deciduous late in the dry season of the monsoonal climatic 
cycle experienced in its natural habitat. Plants in cultivation or in locally wetter sites 
can retain leaves for longer, but become dormant, and it appears that the strong 
seasonal stress is required to rejuvenate plants. Regular (almost annual) dry-season 
fires experienced over much of the range also promote leaf-drop, and fertile plants are 
frequently seen with reproductive structure only, and no leaves. The regular fires can 
also kill the above-ground parts of shorter plants, promoting below-ground branching 
from an often massive swollen subterranean caudex. 

Distribution: an abundant species, in dense and extensive populations on sand over 
Tertiary laterites in Eucalyptus tniniata - E. tetrodonta forests around Darwin. It extends 
from the Adelaide River west to the Finniss River and south to the township of 
Adelaide River, with sporadic occurrences farther south almost to Hayes Creek and in 
a limited area on Melville Island (Fig. 14). Intergrading populations with C. conferta 
occur at Mt Bundey and near Hayes Creek, and apparent hybrids are known with 
C. maconochiei subsp. maconochiei. 

Typification: the type was cited as Tn Nova Hollandia boreali ad portum Essington 
legit Armstrong n. 380 herb. Hookeri.' John Armstrong was a collector for Kew Gardens 
appointed to establish a government garden at Port Essington in 1838. He then 
collected in Timor in 1839-45. His collecting ranged beyond the immediate 
environment of the Port Essington settlement, a number of the plants he collected not 
being known from that site (including Cycas spp.). C. armstrongii has a limited natural 
distribution, occurring only in the Darwin district, and the type must have originated 
from there, considerably to the west of the Port Essington settlement site. Three sheets 
are present in K, one labelled 'No. 379/Coll, in April 1839 at Port Essington', another 
labelled 'Port Essington/Australia/Armstrong', and the third labelled 'Port Essington/ 
(bis)'. The U specimen consists of two pinnae only, but with the rachis cut to match the 
second of the above K sheets. It appears that the second and third K sheets and the 
U sheet are all parts of Armstrong 380, and consequently parts of the holotype. Bentham 
(1873) included C. armstrongii in C. media, and his treatment was followed until 
Maconochie (1980) recognised the distinctive nature of C. armstrongii, although not on 
the basis of the unarmed petiole as Miquel had done originally (see below). Although 
Miquel in the protologue referred to previous publications of forma inermis (Miquel 
1842: 7,17; 1847: 412), this combination was not actually published in these papers, he 
merely discussed the unusual thornless specimen. This is also an indication that Miquel 
had seen more than just the U specimen, which has no petiole. 

Conservation status: locally extremely abundant, not considered to be at risk. Although 
not well reser\'ed, the extreme abundance of this species would buffer it from any threat 
in the medium term. However, frequent fire effectively blocks reproduction, and 
uncontrolled development progressively alienates significant proportions of the habitat. 
Several of the Northern Territory species, including this one, are probably the most 
abundant of all cycads, with populations numbering into tens of millions. 

Selected specimens: Northern Territory: Darwin & Gulf: 19 km E of Stuart Highway on Arnhem 
Highway, Blaxell 88/087 & Wrigky, 23 July 1988 (NSW); Noonamah, Bi/rnes 2456, 13 Jan 1972 (DNA, 
BRI); Humpty Doo road, Byrnes 2464, 18 Jan 1972 (DNA, AD); Meiville Island, near Pularumpi 
police station, Chirgioin, 8 Apr 1988 (NSW); Batchelor demonstration farm. Hill 14, Sep 1913 
(NSW); Mt Saunders swamp area, Hinz A42 - 73, 3 Feb 1973 (DNA, K); 11 miles [18 km] SE of 
Darwin, Jacobs 1746, 29 May 1974 (NSW, DNA); track opposite entrance to General Prawn Co., 
Channel Island Rd, c. 10 km from Palmerston, Johnstone 24, 2 Jul 1987 (NSW); 2 miles [3.2 km] E 
of Riun Jungle, Maconochie 338,5 Jun 1967 (DNA); 0.5 mile [0.8 km] E of Casuarina Beacli, Darwin, 
Maconochie 537, 12 Feb 1968 (DNA); Stuart Hwy, 40 miles [64 km] S of Darwin, Maconochie 1308, 
10 Jun 1971 (DNA, BRI); 16 km WSW of Wild Boar abattoirs, Maconochie 1620, 1 Jul 1972 (DNA, 
CANB, K); 57.5 miles [95 km] S of Darwin, Must 735 - 748, 30 Jul 1971 (DNA); Darwin area, Parker 
s.n., Sep 1976 (NSW137882); vicinity of Darwin, Stone 10658, 4 Sep 1971 (NSW ex Univ. Malaysia). 
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C. armstrongii — C. conferta (10 specimens) 

Northern Territory; 15 km from old highway on Daly River road, Hill 4058 & Stanberg, 
10 Sep 1991 (NSW, CANB); 3.2 km W of Mary River crossing, Maconochie 1618, 
29 Jim 1972 (DNA, MO). 

19. Cycas canalis K.D. Hill, Telopea 5(4): 698 (1994). 

Type: Northern Territory: 31.4 km from Labelle Downs homestead on track to Channel 
Point, K.D. Hill 4034 & L. Stanberg, 8 Sep 1991 (holo NSW; iso CANB, DNA) 

See Hill (1994) for description and specimen citations. 

Leaf anatomy: upper mesophyll interrupted at midrib, composed of palisade and 
equidimensional cells; lower mesophyll interrupted at midrib, composed of 
equidimensional and partly elongate to palisade cells; laminar hypodermis absent; 
marginal hypodermis 2 cell layers thick; stomatal crypts shallow, open; subsidiary 
cells undifferentiated; cuticle very thin. 

Notes: distinguished by the strongly glaucous new growth, the long pinnae with flat 
margins and midrib more prominent below, and the thickly woolly and prominent 
cataphylls. 

Distribution: widespread and locally abundant, on a variety of well-drained soil 
types, usually on lateritic soil profiles in open forest or woodland with Eucalyptus 
miniata. Known from near-coastal sites at Channel Point, apparently disjunct from 
inland occurrences extending from west of Dorisvale to around Douglas Daly reserve 
(Fig. 14). The inland populations differ in the longer leaves, petioles and pinnae, and 
the keeled leaves, and the lower rachis-to-pinna angle, and have been recognised as a 
distinct subspecies. 


Key to the subspecies 

1 Pirma-to-rachis angle 50° or more, leaves flat . 19A. subsp. canalis 

1* Pinna-to-rachis angle less than 50°, leaves openly keeled . 19B. subsp. carinata 


19A. Cycas canalis subsp. canalis 
Illustration: Hill (1994: 699, Fig. 4a-d). 

See Hill (1994) for description and specimen citations. 

Distinguished from the following subspecies by the non-keeled leaves and the high 
pinna-to-rachis angle (50-90°). Leaves also tend to be somewhat smaller (60-90 cm 
long) with smaller pinnae (100-190 x 4.5-7.5 mm). 

Locally abundant in near-coastal situations, on well-drained soil in Eucalyptus miniata 
forest. Known from around Channel Point, to the north of the mouth of the Daly River 
(Fig. 14), and reported from coastal country south of the mouth of the Daly River 
(no confirmatory specimens are known). 

Conservation status: locally extremely abundant, not considered to be at risk. 
Although not well reserved, the extreme abundance of this species would buffer it 
from any threat in the medium term. However, frequent fire effectively blocks 
reproduction, and uncontrolled development could potentially destroy large 
proportions of the population. 
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19B. Cycas canalis subsp. carinata K.D. Hill (1994: 700) 

Type: Northern Territory: 90.0 km from Stuart Highway on Dorisvale road, K.D. Hill 
4063 & L.M. Stanberg, 11 Sep 1991 (NSW). 

Illustration: Hill (1994: 699, Fig. 4e-g). 

See Hill (1994) for description and specimen citations. 

Distinguished from subsp. canalis by the keeled leaves and the low pinna-to-rachis 
angle (40-50°). Leaves also tend to be longer (70-105 cm long), with larger pinnae 
(125-205 X 4.5-8 mm). 

A sporadic and scattered taxon, usually on lateritic soil profiles in open forest or 
woodland with Encalyptns miniata. Known from west of Dorisvale to around Douglas 
Daly Reserve (Fig. 14). 

Conservation status: Widespread, not considered to be at risk. 

20. Cycas lane-poolei C.A. Gardner, Bull. Woods Forests Dept., Western Australia 32: 
30, Fig. E (1923). 

Cycas media R.Brown var. lane-poolei (C.A. Gardner) Schuster, Pflanzenr. 99: 78 (1932). 

Type: Western Australia: near Mount Hann, Kimberley, C.A. Gardner 1444, 29 June 1921 
(holo PERTH). Cited as The type is No. 1444 of the Forests Department Herbarium.' 

Illustration: Gardner (1923: 30, Fig. E). 

Stem to 4-5 m tall, rarely to 8 m, 12-15 cm diam. Leaves 60-110 cm long, usually 
somewhat keeled in section (opposing pinnae inserted at 130-180 degrees on rachis), 
with 90-170 pinnae, usually terminated by a spine; petiole usually glabrous, usually 
not spinescent or with few distal spines, 18^0 cm long; median pinnae at 45-60° to 
rachis, 60-170 mm long, 4.5-8.5 mm wide, glabrous, dull green or slightly bluish-green 
to strongly glaucous when new, becoming glossy mid-green, flat in section with flat 
margins, discolorous, decurrent for 3-5 mm, narrowed to 2.5-4 mm at base (40-70% of 
maximum width), usually well-spaced on rachis (spaced at 4-12 mm), apex attenuate; 
midrib more or less equally prominent above and below. New growth densely loosely 
tomentose with white and few orange trichomes, quickly becoming glabrous. 
Cataphylls pungent, densely orange-tomentose, 6-10 cm long. Microsporangiate 
cones pale orange-brown, ovoid, 10-18 cm long, 9-11 cm diam. Microsporophyll 
lamina 22-26 mm long, 14-16 mm wide; sterile apex 5-10 mm long, not recurved, 
apical spine slender, sharply upturned, 8-11 mm long. Megasporophylls 16-22 cm 
long, grey- and pale brown-tomentose, with 2-4 ovules, sterile apex 40-65 mm long, 
17-28 mm wide, narrowly triangular, regularly dentate, with 12-30 lateral teeth, apical 
spine 15-20 mm long, lateral teeth 1-5 mm long, 1-2 mm wide. Seeds flattened-ovoid, 
green becoming orange, not pruinose, 38-45 mm long, 36-40 mm diam.; sarcotesta 
3-4 mm thick. Fig. 18. 

Leaf anatomy: upper mesophyll interrupted at midrib, composed of palisade and 
equidimensional cells; lower mesophyll interrupted at midrib, composed of 
equidimensional and partly elongate to palisade cells; laminar hypodermis absent; 
marginal hypodermis 1 cell layer thick; stomatal crypts shallow, open; subsidiary cells 
undifferentiated; cuticle very thin. 

Notes: distinguished by the glossy green to slightly blueish new growth and the 
discolorous pinnae with midrib equally prominent above and below. The leaves are 
very similar to those of C. armstrongii, but the plant is more robust in all respects. 
Cataphylls are coated with a thick wool similar to that present in C. canalis and 
C. lanata, but not seen in C. armstrongii. 
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Distribution: known from several scattered populations in the north-west of the 
Kimberley region of Western Australia, mostly on sandy soils in savanna forest with 
Eucalyptus miniala, E. tetrodonta or Corymbia latifolia (Fig. 14). Intergradational 
populations with C. basaltica are known. 

Conservation status: not considered to be at risk. 

Selected specimens: Western Australia: Gardner: south end of Mitchell Plateau, Beard 7037, 
12 Jun 1974 (PERTH, DNA); Mitchell River station, Edey, Aug 1971 (DNA); 16 km from Mitchell 
Falls track on old Mitchell River homestead track. Hill 4077 & Stanberg, 15 Sep 1991 (NSW, CANB); 
cult. Mt Elizabeth homestead, plant from near Mt Jameson, upper Drysdale River, Hill 4103 



Fig. 18. C. lane-poolei. a, part of leaf, b, section of pinna, c, d, microsporophyll. e, megasporophyll 
with seed and stipe, f, tip of megasporophyll (a, b, e from Hill 4077, c, d from Macotwchie 1283, 
f from Lullfitz 57). Scale bar: a, e, f = 1 cm; b = 2 mm; c, d = 5 mm. 
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& Stanberg, 18 Sep 1991 (NSW); Mitchell Plateau, Lullfitz 57, 19 July 1970 (NSW ex PERTH); 
c. 18 miles [30 km] S of Amax bauxite camp, Mitchell Plateau, Mncoiwchie 1283, 2 Jun 1971 
(DNA, K, L); Mt Agnes, NW Kimberley, J.A. Smith, Aug 1980 (PERTH, DNA). 

Series Calcicolosae K.D. Hill, series nov. 

Inter series subsectionis Endemicae combinatione folia plana, pinnis inferioribus 
gradatim decrescentibus non spinescentibus, margine plus minusve revoluto, 
hypodermide plus minusve continua; cataphylla non pungentia; strobili masculi 
aliquantum parvi ovoidei vel fusiformes, fuscovirides vel ferruginei, distinguitur. 

Type species: Cycas calcicola Maconochie. 

Basal pinnae gradually reducing is size but not always merging into spines; leaves 
more or less flat (opposing pinnae inserted at about 180°); pinnae green or weakly 
glaucous, with white and orange-brown trichomes, margins more or less recurved, 
midrib prominent below; hypodermis extensive, almost or fully continuous; 
cataphylls soft, not pungent; microsporangiate cones small, ovoid, orange-brown. 
Upper mesophyll interrupted or continuous across midrib, composed of palisade cells 
with few equidimensional cells only; lower mesophyll interrupted at midrib, with 
well-developed palisade cells; laminar hypodermis continuous, often more than 1 cell 
layer thick; stomatal crypts variable from shallow and open to deep and closed; 
subsidiary cells slightly raised and differentiated; cuticle moderately thick. 

This group of four species is restricted to the north of the Northern Territory (Fig. 19). 


130 ' 


135 ' 


15 ' 



O ♦ Cycas atenicola 


130 ' 


• Cycas otnhemica subsp. atnhemica 
A Cycos atnhemica subsp. muninga 
▼ Cycas atnhemica subsp. nat|a 
^ Cycas calcicola 
O Cycas maconochlel subsp. lanata 
■ Cycas maconochlel subsp. maconochlel 
A Cycas maconochlel subsp. vltidls 


Fig. 19. Distribution of series Calcicolosae. 
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21. Cycas arnhemica K.D. Hill, Telopea 5(4): 693 (1994). 

Type; Northern Territory: Goyder River crossing, }.R. Maconochie 1477, 16 Jun 1977 
(holo NSW; iso DNA). 

Stem to 4 m tall, rarely to 7 m, 12-20 cm diam. Leaves 65-110 cm long, flat in section 
(opposing pinnae inserted at 150-180° on rachis), with 120-270 pinnae, usually 
terminated by a spine; petiole loosely brown- and grey- to white-tomentose, 9-36 cm 
long unarmed or spinescent for up to 50% of length; median pinnae at 45-85° to rachis, 
50-190 mm long, 3.0-7.5 mm wide, glabrous or loosely white- to grey-brown-tomentose, 
mid- to dark green, keeled in section with recurved or revolute margins, decurrent for 
1.0-4.0 mm, narrowed to 2.5-5 mm at base (65-100% of maximum width), spaced at 
7-13 mm on racliis, apex attenuate; midrib not or slightly raised above, prominent below. 
New growth densely tomentose with white and/or orange-brown trichomes. Cataphylls 
densely orange-brown- to grey-brown-tomentose, 3-6 cm long, fleshy. Microsporangiate 
cones narrow-ovoid, 18-36 cm long, 6.5-12 cm diam. Microsporophyll lamina 15-22 mm 
long, 11-17 mm wide; sterile apex 6-9 mm long, not recurved, apical spine slender, 
sharply upturned, 7-22 mm long. Megasporophylls 15-24 cm long, grey- and 
orange-tomentose, with 1-6 ovules, sterile apex 40-70 mm long, 15-22 mm wide, 
narrowly triangular, regularly dentate, with 10-18 lateral teeth, apical spine 7-25 mm 
long, lateral teeth 2-5 mm long. Seeds flattened-ovoid, green becoming orange, not 
pruinose, 28-37 mm long, 26-32 mm diam.; sarcotesta 2-4 mm thick. Figs. 20 & 21. 

Distinguished by the flat (not keeled) leaves with relatively short petioles and keeled 
pinnae with somewhat recurved margins. Leaf bases and trunks retain a dense dark 
brown tomentum that is not evident in other taxa from Arnhem Land, and the apical 
spine of the microsporophylls is more attenuate. Cataphylls are also short, soft and 
fleshy, but lack the dense orange tomentum seen in the closely related C. maconochiei. 

Three distinct populations occur, one on Groote Eylandt, another on the lower Blythe 
River in northern Arnhem Land, and another on the upper Goyder River in central 
Arnhem Land (Fig. 19). These geographically separated populations are also 
morphologically distinct, and are here recognised as subspecies. 


Key to the subspecies 

1 Pinnae 5.0-6.5 mm wide, 9-13 mm apart on rachis . 21A. subsp. arnhemica 

1* Pinnae 3.0-5.5 mm wide, 6-9 mm apart on rachis 

2 Male cones usually more than 8 cm diam., seeds usually more than 32 mm long 
. 21B. subsp. muninga 

1* Male cones usually less than 8 cm diam., seeds usually less than 32 mm long . 

. 21C. subsp. natja 


21A. Cycas arnhemica subsp. arnhemica 
Illustration: Hill (1994: 694, Fig. 1). 

Stem to 4 m tall, rarely to 7 m, 12-19 cm diam. Leaves 65-110 cm long, with 120-270 
pinnae; petiole 9-36 cm long; median pinnae at 45-70° to rachis, often falcate, 50-170 mm 
long, 5.0-7.5 mm wide, often loosely white-tomentose beneath, sub-glossy slightly 
bluish deep green, more or less keeled in section with slightly recurved margins, 
narrowed to 4.0-5.0 mm at base (65-90% of maximum width), spaced at 7-13 mm on 
rachis. Microsporangiate cones 22-28 cm long, 7-9 cm diam. Seeds 28-33 mm long, 
27-30 mm diam.; sarcotesta 2.5-4 mm thick. Figs. 20 & 21. 
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Leaf anatomy: upper mesophyll continuous or interrupted at midrib, composed of 
palisade cells only; lower mesophyll interrupted at midrib, composed of 
equidimensional ceUs only; laminar hypodermis continuous, 1-2 cell layers thick; 
marginal hypodermis 1-2 cell layers thick; stomatal crypts deep, closed; subsidiary 
cells raised and differentiated; cuticle thick. 

Notes: distinguished by the robust habit and the dark green leaves with relatively 
short petioles and well-spaced, keeled pinnae with somewhat recurved margins. 
The median pinnae are also distinctly angled towards the leaf apex, whereas those of 
subspp. muninga and natja are more nearly perpendicular to the rachis. 

Distribution: locally abundant on deep white to yellow sands over laterites, in 
Eucalyptus tetrodonta - E. miniata dominated savanna forests around the Goyder River 
(Fig. 19). Plants from farther north-east (around Badalngarrmirri Creek) show glossier, 
paler green leaves, pinnae with a more prominent midrib on the upper surface, and a 
more slender habit, suggesting some intergradation with C. orkntis. Those from 
farther north-west, between the Blyth and Goyder Rivers, show smaller leaves with 
narrower and more crowded pirmae, indicating possible intergradation with subsp. 
mtja, which occurs on the north coast of Arnhem Land. 

Conservation status: locally abundant in very remote country, not considered to be 
at risk. 

Selected specimens: Northern Territory: Darwin & Gulf: 13.2 km E of Ramangining turnoff on 
Gove road. Hill 3919 & Stanberg, 25 Aug 1991 (NSW, CANB); 29.5 km E of Ramangining turnoff 
on Gove road. Hill 3920 & Stanberg, 25 Aug 1991 (NSW); 43.5 km NNE of Goyder River crossing, 
Maconocliie 1626, 22 Jun 1972 (DNA, AD); Goyder River crossing, Maconocliie 1478, 16 Jun 1977 
(DNA); 25.5 km S of Goyder River crossing, Maconocliie 1466, 16 Jun 1977 (DNA, AD). 

Intergrades, subsp. arnhemica - subsp. uatja (1 specimen) 

Northern Territory: Darwin & Gulf: 43.8 miles [c. 70 km] from Gove - Bulman Junction 
road on Maningrida road, Meehan 54, 9 Sep 1972 (DNA). 

21B. Cycas arnhemica subsp. muninga Chirgivin & K.D. Hill, subsp. nov. 

A subspecie typica pinnis angustioribus brevioribus aggregatioribus et marginibus 
recurvioribus, differ!. 

Type: Northern Territory: Groote Eylandt, 2 km S of Malgala Ck, /. Coiuie 2030 & 
Brocklehurst, 11 Sep 1991 (holo NSW; iso BRl, CANB, DNA, K, MEL, PERTH). 

Stem to 1.5 m tall, rarely to 2.5 m, 12-20 cm diam. Leaves 70-110 cm long, with 160-260 
pinnae; petiole 14-26 cm long; median pinnae at 65-85° to rachis, (60-70-190 mm long, 
(3.0-)4.()-5.5 mm wide, glabrous or loosely grey-brown-tomentose, glossy mid-green, 
keeled in section with recurved margins, narrowed to 3.0-4.5 mm at base (70-100% of 
maximum width), spaced at 4-8 mm on rachis. Microsporangiate cones 25-36 cm long, 
8-12 cm diam. Seeds 34-37 mm long, 29-32 mm diam.; sarcotesta 2-3 mm thick. Fig. 20. 

Leaf anatomy: upper mesophyll interrupted at midrib, composed of palisade cells only; 
lower mesophyll interrupted at midrib, composed of equidimensional and palisade cells; 
laminar hypodermis continuous, 1 cell layer thick; marginal hypodermis 1-2 cell layers 
thick; stomatal crypts deep, closed; subsidiary cells undifferentiated; cuticle thick. 

Notes: distinguished by the crowded and numerous green leaves with crowded, 
relatively short, narrow pinnae with recurved margins. Subsp. arnhemica from central 
Arnhem Land differs in the larger leaves with longer, wider and more widely spaced 
pinnae. Subsp. natja from northern Arnhem Land is distinguished by its smaller cones 
and seeds. This taxon has been referred to as C. species 'Grootei in the past. 
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Fig. 20. C. arnhemica subsp. munhtga. a, part of leaf, b, c, d, sections of pinnae showing range of 
variation, e, f, microsporophyll. g, megasporophyll with seed and stipe, h, tip of megasporophyll 
(a, b, g, h from Levitt NT64757, c from Levitt NT36639, d, e, f from Levitt NT36640). Scale bar: 
a, g, h = 1 cm; b, c, d = 2 mm; e, f = 5 mm. 
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Distribution: known only from Groote Eylandt (Fig. 19), mainly on old beach dunes 
in near-coastal sites. 

Conservation status: locally abundant, not considered to be at risk. 

Etymology: the epithet is a rendering of the name for this plant in the aboriginal 
language of the people of Groote Eylandt. 

Selected specimens: Northern Territory: Darwin & Gulf: Mudcod Bay, Groote Eylandt, Dunlop 2955 
ABC,\ Aug 1972 (DNA, BM); Angurugu, Groote Eylandt, Lrvitl NT 36639, 4 Mar 1972 (DNA, AD); 
Levitt NT36640, NT64757 (DNA); 8 miles [12 km] from Umbakumba to Angurugu, Groote Eylandt, 
Lei’itt, 29 Mar 1972 (DNA, BRI); Wallaby Swamp Beach, Groote Eylandt, Levitt, 2 Sep 1972 (DNA); 
Amagula Pools on the Amagula River, Groote Eylandt, Levitt, 7 Sep 1972 (DNA); Emerald River 
Beach, Groote Eylandt, Levitt, 19 Sep 1972 (DNA); Groote Eylandt, Chirgzvin, (NSW). 

21C. Cycas arnhemica subsp. natja K.D. Hill, subsp. nov. 

Ab subspecie typica pinnis angustioribus brevioribus aggregatioribus margine 
recurviore, differ!. Ab subspecie muninga strobili masculi parviori et semina parviori, 
differ!. 

Type: Northern Territory: Blyth River crossing, east bank, Meehan 56, 6 Sep 1972 (holo 
DNA). 

Stem to 1.5 m tall, rarely to 2.5 m, 12-20 cm diam. Leaves 70-100 cm long, with 160-260 
pinnae; petiole 12-35 cm long; median pinnae at 65-85° to rachis, 55-120 mm long, 
3.0-5.5 mm wide, glabrous, glossy mid-green, keeled in section with revolute margins, 
narrowed to 2.5-3.5 mm at base (65-100% of maximum width), spaced at 4-9 mm on 
rachis. Microsporangiate cones 18-26 cm long, 6.5-8.5 cm diam. Seeds 28-30 mm long, 
26-28 mm diam.; sarcotesta 2.0-2.5 mm thick. Fig. 21. 

Notes: distinguished by the crowded and numerous green leaves with crowded, 
narrow pinnae with recurved margins. Separated from subsp. muninga by the smaller 
cones and seeds. Specimens from Elcho Island are slightly larger in most respects, but 
still do not approach subsp. muninga in size of cones and seeds. Subsp. arnhemica from 
centra! Arnhem Land differs in the larger leaves with longer, wider and more widely 
spaced pinnae. 

Distribution: known from a small area along the north coast of Arnhem Land, 
apparently only on the lower Blyth River on the mainland, extending to Elcho Island 
(Fig. 19). Intergradation with C. arnhemica occurs more inland, between the Blyth and 
Goyder Rivers (cited under C. arnhemica). 

Conservation status: locally abundant, not considered to be at risk. 

Etymology: the epithet is a rendering of the name for this species in the Bureia 
language of the local aboriginal people. 

Selected specimens: Northern Territory: Darwin & Gulf: 71.0 km from Maningrida on 
Ramangining road. Hill 3987 & Stanberg, 31 Aug 1991 (NSW, CANB); 5.6 km W of Blyth River 
crossing on Ramangining-Maningrida road. Hill 3991 & Stanberg, 1 Sep 1991 (NSW, CANB); 
Ramangining airstrip, Maconochie 2073, 1 Jul 1975 (DNA); Elcho Island, Maconochie 2133, 7 July 1975 
(DNA, CANB, K); Njalidjibama, 3 miles [5 km] E of Blyth River, Meehan 35, 21 Aug 1972 (DNA); 
16 km E of Blythe River on Maningrida to Ramangining road, Thomson 194, 19 Oct 1981 (DNA). 
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Fig. 21. C. arnhemica subsp. nalja. a, b, parts of leaves, c, d, sections of pinnae, e, f, microsporophyll. 
g, megasporophyll with seed and stipe, h, tip of megasporophyll (a, c, e, f from Hill 3987, 
b, d, h from Thompson 194, e, f, from Hill 3987 a). Scale bar: a, b, g, h = 1 cm; c, d = 2 mm; e, f = 5 mm. 
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22. Cycas maconochiei Chirgwin & K.D. Hill, sp. nov. 

A C. arnhetuica cataphyllis indumento floccoso aurantiaco differt. 

Type: Northern Territory: Mandorah road, at Bynoe Harbour turnoff, K.D. Hill 4461 & 

H. M. Anderson, 4 Sep 1993 (holo NSW; iso DNA, PE, NY). 

Stem to 3 m tall, rarely to 7 m, 9-15 cm diam. Leaves 70-120 cm long, flat to moderately 
keeled in section (opposing pinnae inserted at 130-180° on rachis), with 140-300 
pinnae, usually terminated by a spine; petiole glabrous or loosely orange-tomentose, 
partly or completely spinescent or sometimes spine-free, 15-33 cm long; median pinnae 
at 60-90° to rachis, 70-170 mm long, 3.5-7.0 mm wide, often orange-brown tomentose, 
more or less glaucous when new, becoming dull to glossy mid- to dark green or bluish 
green, flat in section with slightly to strongly recurv-ed margins, decurrent for 

I. 5-3.0 mm, narrowed to 2.5-4.5 mm at base (55-80% of maximum width), usually 
moderately to well spaced on rachis (spaced at 5.0-10.0 mm), apex attenuate; midrib 
slightly raised above, prominent below. New growth densely loosely tomentose with 
orange and grey trichomes. Cataphylls densely tomentose with thick orange woolly 
trichomes, ^ cm long. Microsporangiate cones orange, ovoid, 20-34 cm long, 
10-14 cm diam. Microsporophyll lamina 25-35 mm long, 9-12 mm wide; sterile apex 
5-8 mm long, not recurved, apical spine slender, sharply upturned, 4-8 mm long. 
Megasporophylls 20-29 cm long, grey- and orange-tomentose, with 2-4 ovules, sterile 
apex 40-65 mm long, 14-24 mm wide, triangular, regularly dentate, with 20-36 lateral 
teeth, apical spine 10-20 mm long, lateral teeth 1-2 mm long. Seeds flattened-ovoid, 
green becoming orange, slightly pruinose, 30-36 mm long, 27-32 mm diam.; sarcotesta 
c. 3 mm thick. Figs. 22 & 23. 

Notes: distinguished by the flattened leaves with short petioles and pinnae with 
recurved margins, and the basal pinnae reducing in size. Distinguished from 
C. arnliemica by the abundant orange-brown tomentum around the cataphylls. 

Distribution: this taxon occurs in the north-west of the Northern Territory, with one 
population in the Cox Peninsula area west of Darwin, and a very large disjunct 
occurrence south of the Daly River and towards the coast (Fig. 19). 

Etymology: the epithet honours the late John Maconochie, formerly botanist with the 
Northern Territory government, who had commenced a major revision of the genus 
Cycas. His work was tragically curtailed, but his notes and specimens remained, and 
have been invaluable in this work. These three geographically separated occurrence 
are recognised as subspecies. 


Key to the subspecies 

1 Pinnae dull bluish green, usually retaining some tomentum 

2 Pinnae 5.5-7.0 mm wide, flat, margins slightly recurved, spaced at 8-10 mm on 
rachis . 22A. subsp. maconochiei 

1* Pinnae 3.5-5.5 mm wide, somewhat keeled, margins strongly recurved, spaced 
at 5-7 mm on rachis . 22B. subsp. lanata 

1* Pinnae glossy mid-green, becoming glabrous when older . 22C. subsp. viridis 

22A. Cycas maconochiei subsp. maconochiei 

Stem to 3 m tall, rarely to 5 m. Leaves 70-110 cm long, flat in section (opposing piimae 
inserted at 130-180° on rachis), with 140-200 pinnae, usually terminated by a spine; 
petiole spinescent for 70-100% of length, 20-30 cm long; median pinnae at 70-90° to 
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rachis, 70-150 mm long, 5.5-7.0 mm wide, grey to orange-brown tomentose, glaucous 
when new, becoming dull mid-green, flat in section with slightly recurved margins, 
narrowed to 4.0-4.5 mm at base (65-80% of maximum width). Microsporangiate cones 
orange, ovoid, 21-34 cm long, 10-14 cm diam. Megasporophylls 20-25 cm long, sterile 
apex 40-60 mm long, 18-22 mm wide, with 22-36 lateral teeth, apical spine 10-15 mm 
long. Seeds slightly pruinose, 33-36 mm long, 29-32 mm diam. Fig. 22. 

Leaf anatomy: upper mesophyll interrupted at midrib, composed of palisade cells 
only; lower mesophyll interrupted at midrib, composed of equidimensional and 
palisade cells; laminar hypodermis continuous, 1 cell layer thick; marginal 
hypodermis 1 cell layer thick; stomatal crypts shallow, open to deep, closed; 
subsidiary cells undifferentiated; cuticle thick. 

Notes: This taxon is known and distributed in cultivation as C. species 'Bynoei, 
C. species 'Bynoe Harbouri, C. species Tog Bay, C. species 'Cox Peninsula 

Distribution: subsp. maconochiei is restricted to a small area between Fog Bay and Port 
Darwin, to the south-west of Darwin (Fig. 19). It occurs in open savanna forests on flat 
sites dominated by Eucalyptus miniala and E. tetrodonta on sandy soil over Tertiary 
laterites. Apparent hybrids are known with C. armstrongii. 

Conservation status: locally extremely abundant, not considered to be at risk. 
Although not reserved, the extreme abundance of this species would buffer it from 
any threat in the medium term. Seed and plant collectors may pose a problem in the 
future, in particular when frequent fire also effectively blocks reproduction and 
uncontrolled development alienates significant proportions of the habitat. 

Selected specimens: Northern Territory: Danvin & Gulf; near house Lot 176, Pulammpi, Garden 
Point, MelviUe Island, Bishop s.n., 13 Oct 1993 (NSW); near barge landing, Pulammpi, Garden Point, 
Melville Island, Bishop s.n., 13 Oct 1993 (NSW); 27.7 km on Finniss station Road from Bynoe Road 
turn-off, Bmvn s.n., 8 Aug 1990 (DNA, NSW); Bynoe Harbour, Chirgwin s.n., 20 Mar 1988 (NSW); 
Melville Island, Dunlop 3455, 18 Apr 1973 (NSW, DNA, NT, BRl, CANB); Leviathan Creek, on Fog 
Bay road. Hill 4459 & Anderson, 4 Sep 1993 (NSW, DNA, BRI, CANB); Fog Bay, behind beach. Hill 
4460 & Anderson, 4 Sep 1993 (NSW, DNA, CANB, K); Delissaville, Must s.n., Sep 1972 (DNA, CANB); 

22B. Cycas maconochiei subsp. lanata K. Hill, subsp. nov. 

A subspecie typica pinnis angustioribus impolitis marginibus recurvioribus, sub 
maturitatem tomentosis, differt. 

Type: Northern Territory: 25 km E of Port Keats, j.R. Maconochie 2498, 11 Oct 1980 (holo 
DNA; iso CANB, K). 

Stem to 3 m tall, rarely to 7 m, 9-14 cm diam. Leaves 70-120 cm long, moderately 
keeled in section (opposing pinnae inserted at 130-160° on rachis), with 160-230 
pinnae, usually terminated by a spine; petiole spinescent for 10-100% of length, 
18-33 cm long; median pumae at 60-80° to rachis, 90-150 mm long, 3.5-5.5 mm wide, 
orange-tomentose and slightly glaucous when new, becoming glabrous above and 
semiglossy mid- to deep green, margins recurved, narrowed to 2.5—3.5 mm at base 
(55-75% of maximum width). Microsporangiate cones 22-33 cm long, 11-14 cm diam. 
Megasporophylls 23-27 cm long, sterile apex 50-60 mm long, 14-20 mm wide, with 
20-30 lateral teeth, apical spine 10-15 mm long. Seeds not pruinose, 30-35 mm long, 
27-32 mm diam. Fig. 22. 

Notes: distinguished by the narrow pinnae with more strongly recurved margins, and 
the thickly woolly cataphylls. Subsp. maconochiei from farther north differs in the 
broader, flatter and more widely spaced pinnae, and the somewhat less densely 
tomentose cataphylls, and subsp. viridis from farther west has broader pinnae that are 
glossy green. Both subsp. maconochiei and subsp. lanata have a more or less persistent 
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Fig. 22. C. jnncoHOchiei subsp. inacoiwchiei. a, part of leaf, b, section of pinna, c, megasporophyll with 
seed and stipe, (from Brown 8 Aug 1990). Scale bar: a, c = 1 cm; b = 2 mm. C. maconochiei subsp. 
lanata. d, part of leaf, e, section of pinna, t, megasporophyll with seed and stipe, g, tip of 
megasporophyll (from Mnconochie 2498). Scale bar: d, f, g = f cm; e = 2 mm.). 
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indumentum on the leaves, that of subsp. nmconochiei is usually light orange-brown or 
even paler, whereas that of subsp. lanata is a darker red-brown. Tomentum is less 
persistent and eventually lost in subsp. viridis. Subsp. lamia varies markedly in 
stature across its range, in particular in that plants from the north-west of the range 
(around Nardirri) are consistently very much smaller, although similar in all other 
attributes. This taxon is known and distributed in cultivation as C. species Tort Keatsi. 

Distribution: widespread and in parts extremely abundant, usually on sandy soils. 
Known only from the northern Wingate Mountains and adjacent plains country to the 
north and west, extending to the coast north of Peppimenarti, and west almost to Port 
Keats (Fig. 19). Initial estimates suggest that the total population of this subspecies 
would number into the tens of millions. 

Conservation status: abundant and widespread, not considered to be at risk. 
Although not reserved, the extreme abundance of this species would buffer it from 
any threat in the medium term. Almost all populations are on aboriginal land, and 
conservation issues on such land are yet to be fully addressed. The inliibition of 
reproduction by too-frequent fire is one such issue. 

Etymology: the epithet is from the Latin lamtus, woolly, in reference to the densely 
tomentose cataphylls. 

Selected specimens: Darwin & Gulf: Northern Territory: road to Woodycupuldea, Hill 4464 & Pemer, 

5 Sep 1993 (NSW, DNA, NY, PE); Peppimenarti, Hill 4478 & Pemer, 6 Sep 1993 (NSW); 
Woodycupuldea - Peppimenarti road. Hill 4465 & Pemer, 5 Sep 1993 (NSW); road to beach N of 
Nardirri, Hill 4466 & Pemer, 6 Sep 1993 (NSW, DNA, CANB, BRl); Old Mission, Port Keats, Hill 4484 

6 Pemer, 7 Sep 1993 (NSW); track from Palumpa to Mudjilindi Valley, over Macadam Range, Hill 
4495 & Pemer, 8 Sep 1993 (NSW); edge of plain near Emu Point, Hill 4046 & Staiiherg, 10 Sep 1991 
(NSW); plain to N of Wingate Mountains, Hill 4056 & Stanberg, 10 Sep 1991 (NSW, CANB); Daly River 
- Port Keats road. Hill 4057 & Stanberg, 10 Sep 1991 (NSW); Moyle River, 75 km E of Port Keats, Latz 
13795 & Dunlop, 10 May 1994 (NSW, NSW); c. 20 km E of Port Keats, Maconochie 2497, 11 Oct 1980 
(DNA, BRI, CBG); 25 km E of Port Keats, Maconochie 2498, 11 Oct 1980 (DNA, CANB, K); 40 km W 
of Daly River crossing on Port Keats road, Perner s.n.. May 1993 (NSW, BRI, CANB, DNA). 

Intergrades, subsp. lanalus - subsp. viridis 

Darwin & Gulf: Northern Territory: Old Mission, Port Keats, Hill 4484 & Perner, 

7 Sep 1993 (NSW). 

22C. Cycas maconochiei subsp. viridis K. Hill, subsp. nov. 

A subspecie typica pinnis latioribus nitentioribus marginibus recurvioribus, sub 
maturitatem glabrescentibus; cataphylla indumento floccoso aurantiaco, differt. 

Type: Northern Territory; Fossil Head, K.D. Hill 4489 & J. Perner, 7 Sep 1993 (holo NSW). 

Stem to 4 m tall, rarely to 6 m, 12-16 cm diam. Leaves 80-120 cm long, moderately keeled 
in section (opposing pinnae inserted at 130-160° on rachis), with 160-300 pinnae, usually 
terminated by a spine 3-11 mm long; petiole unarmed or spinescent for up to 90% of 
length, 15-26 cm long; median pinnae at 60-80° to rachis, 85-170 mm long, 4.0-5.5 mm 
wide, orange-tomentose and slightly glaucous when new, becoming glabrous glossy 
mid- to deep green, margins recurved, narrowed to 2.5-3.5 mm at base (55-75% of 
maximum width). Microsporangiate cones not seen. Megasporophylls 22-29 cm long, 
sterile apex 45-65 mm long, 17-24 mm wide, with 24-32 lateral teeth, apical spine 
10-20 mm long. Seeds not pruinose, 34-36 mm long, 30-32 mm diam. Fig. 23. 

Notes: distinguished by the relatively broad, glossy green pirmae with recurved margins, 
and the thickly woolly cataphylls. Subsp. maconochiei from some distance farther north 
differs in the dull, flatter and more widely spaced pinnae, and the less densely tomentose 
cataphylls. Subsp. lanata, adjacent to the north and east, has narrower, dull pirmae. 
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Distribution: scattered and locally abundant, usually on sandy soils or on old beach 
sands. Known only from around Fossil Head (Fig. 19). 

Conservation status: not considered to be at risk. Although not reserved, the remote 
occurrence of this subspecies would buffer it from any threat u\ the medium term. All 
populations are on aboriginal land, and conservation issues on such land are yet to be 
fully addressed. The inhibition of reproduction by too-frequent fire is one such issue. 

Etymology: The epithet is from the Latin viridis, green, in reference to the bright green 
leaves. 

Selected specimens: Northern Territory: Darwin & Gulf: Fossil Head, Perners.n., May 1993 (NSW, 
BRl, CANB, DNA). 

23. Cycas arenicola K.D. Hill, Telopea 5(2): 419 (1993). 

Type: Northern Territory: upper East Alligator River (12°48'S 133°21'E), /. Russell-Smith 
8502 & J. Brock, 7 Sep 1991 (holo NSW; iso DNA). 

Illustration: Hill (1993: 420, Fig. 1). 

See Hill (1993) for description and specimen citations. 



Fig. 23. C. maconochiei subsp. viridis. a, part of leaf, b, section of pinna, c, megasporophyll with seed 
and stipe (from Hill 4489). Scale bar: a, c = 1 cm; b = 2 mm. 
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Leaf anatomy: upper mesophyll continuous or interrupted at midrib, composed of 
palisade cells only; lower mesophyll interrupted at midrib, composed of 
equidimensional cells only; laminar hypodermis continuous, 1-2 cell layers thick; 
marginal hypodermis 1-2 cell layers thick; stomatal crypts deep, closed; subsidiary 
cells raised and differentiated; cuticle very thick. 

Notes: distinguished among Australian species by the non-keeled leaves, the fusiform 
to elongate-ovoid microsporangiate cones, and the narrow, non-glaucous pinnae with 
recurved margins and persistent brown tomentum beneath. Tltis species is most 
similar to C. calcicola Maconochie, also from the Northern Territory, sharing the small, 
narrow microsporangiate cone and the persistent tomentum on the undersurfaces of 
the pinnae, but differing in having fewer pinnae per leaf (180-270), and wider pirmae 
(4.0-6.5 mm wide) which taper more gradually to the apex and are less crowded 
(spaced at 8-14 mm on the rachis). C. pruinosa Maconochie from Western Australia has 
narrow pinnae with recurved margins and a narrow microsporangiate cone, but the 
pinnae of C. arenicola are not glabrous at maturity and the cones are much shorter 
(c. 25 cm long). No other Australian species shares the persistent tomentum on the 
undersurfaces of the pinnae. In addition, all Australian species except C. arenicola, 
C. calcicola and C. pruinosa have more nearly ovoid microsporangiate cones. 

Distribution: C. arenicola occurs on sandy soils on screes derived from siliceous 
sandstone in rugged and broken country of the upper reaches of the East Alligator and 
Liverpool Rivers (Fig. 19). This species has rarely been collected, and is likely to be 
more widely distributed. 

24. Cycas calcicola Maconochie, J. Adelaide Bot. Card. 1(3): 175 (1978). 

Type: Northern Territory: 16 km N of Katherine, ].R. Maconochie 1314, 10 June 1971 
(holo NT; iso BRI, CANB, K, L, PERTH). 

Illustration: Maconochie (1978:176, Fig. 1). Elliot & Jones (1984:148). 

Stem to 2.0 m tall, rarely to 4 m, 16-22 cm diam. Leaves 60-130 cm long, flat in section 
(opposing pinnae inserted at 180° on rachis), witli 210^10 pinnae; petiole densely 
grey-white-tomentose, 18-30 cm long, spinescent, for 10-50% of length; median pinnae 
at 70-90° to rachis, 50-120 mm long, 2.5-4.0, rarely 5.0 mm wide, brown-white tomentose 
above, becoming glabrous, glossy, slightly bluish deep green (not glaucous), densely 
brown-white-tomentose beneath, slightly keeled in section with revolute margins, 
decurrent for 0-1.5 mm, narrowed to 2.5-4.0 mm at base (90-100% of total width), closely 
spaced on rachis (spaced at 4-6 mm), apex attenuate; midrib not raised above, prominent 
below. New growth densely tomentose with grey-white and few orange trichomes. 
Cataphylls densely grey-white-tomentose, 3-6 cm long. Microsporangiate cones 
fusiform, 25-30 cm long, 5-7 cm diam. Microsporophyll lamina 18-20 mm long, 
8-10 mm wide; sterile apex 8-10 mm long, not recurved, apical spine slender, sharply 
upturned, 7-10 mm long. Megasporophylls 12-18 cm long, grey- and orange-tomentose, 
with 4-6 ovules, sterile apex 20-25 mm long, 15-20 mm wide, narrowly triangular, 
regularly dentate, with 26-36 lateral teeth, apical spine 6-10 mm long, lateral teeth 
2-4 mm long, c. 1 mm wide. Seeds flattened-ovoid, green becoming orange, strongly 
glaucous, 28-31 mm long, 27-30 mm diam.; sarcotesta 2.5-3 mm thick. Fig. 24. 

Leaf anatomy: upper mesophyll continuous or interrupted at midrib, composed of 
palisade and equidimensional cells; lower mesophyll interrupted at midrib, composed 
of equidimensional cells only; laminar hypodermis continuous, 1-2 cell layers thick; 
marginal hypodermis 1-2 cell layers thick; stomatal crypts deep, closed; subsidiary 
cells raised and differentiated; cuticle very thick. 
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Notes: distinguished by the flat leaves with very large numbers of very narrow pinnae 
that are persistently tomentose below, and the slender male cones. 

Distribution: abundant around the Daly River basin and north along the Finniss 
Range, from Katherine in the south-east to the north of Litchfield Park, and south to 
near the Daly River Police station (Fig. 19). Although originally described from 
limestone and named accordingly, this species occurs on various often non-calcareous 
substrates such as sandstones, sandy alluvium and aluminous schists. 

Conservation status: widespread, not considered to be at risk. 

Selected specimens: Northern Territory: Darwin & Gulf: 600 m E of Daly River police station, 
Broimi, 20 Dec 1987 (DNA); Blackfellows Creek, Byrnes 1240 ,18 Dec 1968 (DNA); 8 miles [12 km] 
NE of Wangi homestead, Byrnes 1677, 26 Aug 1969 (DNA); 10.9 miles [17km] N of Katherine, 



Fig. 24. C. cakicola. a, c, parts of leaves, b, d, sections of pinnae, e, f, microsporophyll. g, mega- 
sporophyll with seed and stipe, h, tip of megasporophyll (a, b, e, f from Hill 3967, c, d, g from Hill 
4032, h from Hill 3967a). Scale bar: a, c, g, h = 1 cm; b, d = 2 mm; e, f = 5 mm. 
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Chippendale NT 3741, 10 Sep 1957 (DNA, NSW); Katherine experiment farm, c. 8 miles [12 km] N 
of Katherine, Everist 9257, 18 Sep 1969 (BRI); 12.9 km from The Lost City, Litchfield Park, Hill 3331 
Johnson & Stanberg., 16 Nov 1988 (NSW); 10 km N of Katherine, Hill 3967, a & Stanberg, 27 Aug 1991 
(NSW, CANB); 12.1 km from Labelle Downs turnoff on Litchfield Park road. Hill 4032 & Stanberg, 
8 Sep 1991 (NSW); 18 km N of Katherine on Stuart Hwy, Jacobs 1911, 9 Jun 1974 (NSW); 8.5 miles 
[13 km] NW of low level crossing, Katherine, Lazarides 6624, 9 Jul 1961 (CANB, DNA); Mt Briggs, 
Fish River station, Leach 2513 & Dunlop, 16 Mar 1989 (DNA); Bamboo Creek, Mandorah road, 
Maconochic 2069, 16 May 1975 (DNA, BRI, K); 3 km W of Mt Muriel, Tipperary station, Russell-Smith 
& Brock 7896, 16 Mar 1989 (DNA). Victoria River: Spirit Hills, Bullo Wver Station, Dunlop 10161 & 
Walsh, 9 May 1995 (DNA, NSW). 

Series Fiirfuraceosae K.D. Hill, series nov. 

Inter series subsectionis Endeniicae combinatione pinnis inferis gradatim 
decrescentibus vel spinescentibus, margine plus minusve revoluto; cataphylla non 
pungentia; strobili masculi aliquantum parvi fusiformes vel angusti ovoidei brunnei 
vel ferruginei; megasporophylla lamina angusta triangulari dentata, dentibus non 
pungentibus, distinguitur. 

Type species: Cycas furfiiracea W. Fitzgerald. 

Microsporangiate cone narrowly ovoid to fusiform, orange-brown to brown; 
megasporophyll lamina narrowly triangular, lateral teeth not pungent; leaves 
consistently terminated by paired pirmae; basal pinnae gradually reducing to spines; 
cataphylls soft, not pungent. Upper mesophyll continuous or interrupted at midrib, 
with a distinct basal layer of equidimensional cells; lower mesophyll interrupted at 



Fig. 25. Distribution of series Fiirfuraceosae. 
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midrib, with well-developed palisade cells; laminar hypodermis continuous or 
abundant but discontinuous, stomatal crypts deep, closed; subsidiary cells raised and 
differentiated; cuticle thick. 

This series of three species is restricted to the Kimberley region of Western Australia 
(Fig. 25). 

25. Cycas furfuracea W. Fitzgerald, J. & Proc. Roy. Soc. Western Australia 3:108 (1918). 

Cycas media R. Brown var. furfuracea (W.Fitzgerald) Schuster, Pflanzenr. 99: 78 (1932). 

Type: Western Australia: summit of Mount Herbert, King Leopold Ranges, 
W.V. Fitzgerald 793, May 1905 (lecto NSW; isolecto PERTH). 

Stem to 1.5 m tall, rarely to 2.5 m, 18-22 cm diam. Leaves 80-150 cm long, keeled in section 
(opposing pinnae inserted at 40-70° on rhachis), with 100-220 pimiae, consistently 
terminated by paired pinnae; petiole loosely white-tomentose, 15-26 cm long, spinescent, 
for 5-50 % of length (often with only 2 or 3 distal spines); median pinnae at 40-50° to 
rhachis, 70-200 mm long, 6.5-7.5 mm wide, more or less grey- white tomentose, 
particularly beneath, flat or slightly keeled in section with margins slightly recurved, 
decurrent for 3-7 mm, narrowed to 4.5-6.0 mm at base (c. 80% of maximum width), 
spaced at 9-13 mm on rhachis, apex attenuate; midrib raised above, prominent below. 
New growth densely tomentose with grey-white trichomes. CataphyUs densely white and 
pale orange-browTi-tomentose, 4-8 cm long. Microsporangiate cones broadly fusiform, 
pale brown, 30-40 cm long, 7-9 cm diam. Microsporophyll lamina 20-25 mm long, 
16-20 mm wide; sterile apex 12-18 mm long, recurved, apical spine slender, sharply 
upturned, 6-12 mm long. Megasporophylls 26-36 cm long, grey- and pale orange- 
brown-tomentose, with 4-8 ovules, sterile apex 70-95 mm long, 10-22 mm wide, narrowly 
triangular, regularly dentate, with 12-20 lateral teeth, apical spine 25-65 mm long, lateral 
teeth 2-5 mm long, 2-3 mm wide. Seeds flattened-ovoid, green becoming yellow, 
pruinose, 32-36 mm long, 27-32 mm diam.; sarcotesta 2-3 mm thick. Fig. 26. 

Leaf anatomy: upper mesophyll interrupted at midrib, composed of palisade and 
equidimensional cells; lower mesophyll interrupted at midrib, composed of 
equidimensional and palisade cells; laminar hypodermis continuous, 1-2 cell layers 
thick; marginal hypodermis 2 ceil layers thick; stomatal crypts deep, closed; subsidiary 
cells raised and differentiated; cuticle thick. 

Typification: collection data was cited as 'Summits of Mts. Herbert, Broome, and Bold 
Bluff (W.V.F.).' No type was designated, and the collection cited above is apparently 
the only extant Fitzgerald collection of this species. The specimens in both NSW and 
PERTH include a leaf portion, together with both male and female sporophylls, and so 
must have been gathered from more than one plant. The leaf section in NSW is here 
designated the lectotype. The leaf sections in NSW and PERTH can be matched at the 
break, and so are from the same leaf. The NSW portion, however, includes part of the 
petiole and the lower pinnae, which are specifically mentioned in the protologue. The 
leaf is chosen as lectotype in preference to the sporophylls because it is the most 
distinctive feature of this species. 

Notes: distinguished by the strongly keeled leaves with angled, broad, often 
white-tomentose, glaucous pinnae with slightly recurved margins. The leaves are 
consistently terminated by paired pinnae, and pinnae gradually reduce in size 
to grade into spines on a short petiole in both C. furfuracea and C. basaltica. 
Microsporangiate cones are also relatively long and narrow in this species, and 
somewhat broader in C. basaltica. Sporadic individuals also lack the glaucous leaf wax, 
leading to the occasional occurrence of green plants in stands of otherwise blue plants 
(similar occurrences are present in C. pruinosa, which see). Leaves of the western 
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occurrences (on Kimbolton) tend to lose their tomentum as they mature, whereas the 
tomentum may persist for several years on leaves of tlie plants in the King Leopold 
Range. The western occurrences also tend to have broader pinnae than those occurring 
in the King Leopold Ranges. The ranges of both characters in the two populations 
overlap substantially, and no clear infraspecific division can be recognised. 

Distribution: a sporadic species in the Kimberley region of Western Australia, known 
mainly from elevated parts of the King Leopold Range, with another occurrence on 



Fig. 26. C. furfiimcea a, part of leaf, b, section of pinna, c, d, microsporophyll. e, megasporophyll 
with seed and stipe, f, g, tip of megasporophyll (a, b, c, d from Hill 4114, e from Hill 4110, f from 
Wilson 280, g from Hill 4114a). Scale bar: a, e, f, g = 1 cm; b = 2 mm; c, d = 5 mm. 
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Kimbolton and on islands to the north of there, such as Heywood Island (Fig. 25). 
Usually on skeletal sandy soils on hard siliceous metasandstone, on steep slopes. The 
occurrences at Kimbolton are unusual in being both on similar substrates to the above, 
and also on red clay on rocky basalt outcrops. 

Selected specimens: Western Australia: Fitzgerald: summit of Mt Herbert, Fitzgerald 793, May 
1905 (NSW); slopes of Bold Bluff, Gittim 1444, Jul 1967 (NSW); Brownrigg Gorge, Hill 4114 & 
Slanberg, 21 Sep 1991 (NSW, CANB); northern face of Bold Bluff, King Leopold Range, 
Maconochie 1196, 26 May 1971 (DNA, BRI, K, L); head of Brownrigg Gorge, Peter Wilson 279, 280, 
21 May 1988 (NSW); Stuart River, c. 18 km N of Kimbolton homestead, K.D. Hill 4110 & 
L.C. Stanberg, 20 Sep 1991 (NSW, CANB); Stewart River Valley, 13 km NNW of Kimbolton 
homestead, Telford 6312, 66313 & Butler, 31 July 1977 (CBG); Heywood Island, Bonaparte 
Archipelago, Wilson 10888, 21 May 1972 (PERTH, DNA). 

26. Cycas basaltica C.A. Gardner, Bull. Woods Forests Dept., Western Australia 32; 31 
(1923). 

Cycas media R. Brown var. basaltica (C.A. Gardner) Schuster, Pflanzenr. 99: 78 (1932). 

Type: Western Australia: Lawley River, Kimberley, C.A. Gardner 1490, 27 July 1921 
(holo PERTH). Cited as The type is 1490, of the Forests Department Herbarium.' 

Stem to 2 m tall, rarely to 4 m, 15-23 cm diam. Leaves 80-125 cm long, flat in section 
(opposing pinnae inserted at 180° on rhachis), with 140-210 pinnae, consistently 
terminated by paired pinnae; petiole grey-tomentose, 8-20 cm long, spinescent fo 5-50% 
of total length (often with only 3 or 4 distal spines); median pinnae at 70-80° to rhachis, 
90-180 mm long, 5.5-9.5 mm wide, grey-white tomentose, becoming glabrous on older 
leaves, glossy mid-green, flat in section with flat or slightly recurved margins, decurrent 
for 1.5-5 mm, narrowed to 4-6.5 mm at base (c. 70% of maximum width), 6-13 mm apart 
on rhachis, apex acute; midrib not or slightly raised above, prominent below. New 
growth densely tomentose with grey-white and some pale orange-brown trichomes, 
usually persistent. Cataphylls slender, orange-brown-tomentose, 7-13 cm long. 
Microsporangiate cones elongate-ovoid, 18-24 cm long, 7-9 cm diam. Microsporophyll 
lamina 20-24 mm long, 11-15 mm wide, abruptly narrowed; sterile apex 7-13 mm long, 
recurved, apical spine sharply upturned, 5-11 mm long. Megasporophylls 17-24 cm 
long, brown-tomentose, with 2-6 ovules, sterile apex 50-90 mm long, 14-19 mm wide, 
narrowly triangular, regularly dentate with 6-20 lateral teeth, apical spine 20-35 mm 
long, lateral teeth 2-4 mm long, 2-3 m wide. Seeds ovoid, green becoming yellowish, 
pruinose, 27-31 mm long, 26-30 mm diam.; sarcotesta 2-3 mm thick. Fig. 27. 

Leaf anatomy: upper mesophyll interrupted at midrib, composed of palisade and 
equidimensional cells; lower mesophyll interrupted at midrib, composed of 
equidimensional and palisade cells; laminar hypodermis discontinuous, 1 cell layer 
thick where present; marginal hypodermis 2 cell layers thick; stomatal crypts deep, 
closed; subsidiary cells raised and differentiated; cuticle thick. 

Notes: distinguished by the flat leaves with perpendicular, broad, white-tomentose 
but non-glaucous pinnae with slightly recurved margins. 

Distribution: a widespread species in the northern Kimberley region of Western 
Australia, from offshore islands west of Port Warrender to around Kalumburu (Fig. 25). 
All known occurrences are on skeletal red or grey clays on stony basalt slopes. 
Populations on the southern parts of the Mitchell Plateau are intergradational with 
C. lane-poolei. 

Conservation status: not considered to be at risk. 

Selected specimens: Western Australia: Gardner: SE part of Bougainville Peninsula, Beard 8285, 
11 Sep 1978 (PERTH, DNA); Careening Bay, George 12810, 29 Aug 1974 (PERTH, DNA); 30 km 
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from old Mitchell Plateau mining camp on Port Warrender track. Hill 4079, a & Slanberg, 
15 Sep 1991 (NSW, CANB); 43.8 km N of Mitchell Falls turnoff on Kalumburu road. Hill 4084, 
4084A & Slanberg, 16 Sep 1991 (NSW, CANB); 15 miles [24 km] W of Theda old homestead, 
Maconochic 1239, 29 May 1971 (DNA, K, NSW); 34 km S of Kalumburu Mission, Maconochie 1266, 



Fig. 27. C. basaltica. a, part of leaf, b, section of pinna, c, d, microsporophyll. e, megasporophyll 
with seed and stipe, f, tip of megasporophyll (a, b, c, d from Hill 4079, e from Hill 4079a, f from 
Maconochie 1239). Scale bar: a, e, f = 1 cm; b = 2 mm; c, d = 5 mm. 
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31 May 1971 (DNA, BRI); 19 miles [31 km] N of Amax bauxite camp, Maconochic 1269, 1 Jun 1971 
(DNA, AD, K); 41.5 km S of Carson River on Kalumburu-Drysdale River road, McGilUvray 3866 
A & George, 25 Jun 1978 (NSW); 5 km from Port Warrender towards Mitchell Plateau, Rodii 2902, 
26 Oct 1974 (NSW); 9 km from new Theda homestead on Kalumburu road, Telford 6240 & Butler, 
28Jul 1977 (CBG, DNA). 

27. Cycas pruinosa Maconochie, J. Adelaide Bot. Card. 1(3): 177(1978). 

Type; Western Australia, Ternonis Gorge, Durack Ranges (17° 25'S, 127° 20'E), D. Symon 
s.n., June 1975 (holo NT; iso BRI, CANB, K, L, NSW, PERTH). 

Illustration: Maconochie (1978:176, Fig. 2). 

Stem to 1.5 m tall, rarely to 2.5 m, 15-25, rarely 30 cm diam. Leaves 60-125 cm long, 
keeled in section (opposing pinnae inserted at 45-90° on rhachis), with 130-320 
pinnae, usually terminated by paired pinnae or occasionally a short spine to 4 mm 
long; petiole glabrous or white-tomentose, 8-23 cm long, spinescent for 50-100% fo 
length; median pinnae at 40-60° to rhachis, 110-170 mm long, 2.5-4.0 mm wide, 
glabrous, usually glaucous, margins strongly recurved, decurrent for 2.5-4.0 mm, 
narrowed to 2.0-3.0 mm at base (80-100% of maximum width), spaced at 5-9 mm on 
rhachis, apex attenuate; midrib raised above, prominent below. New growth densely 
tomentose with grey-white trichomes. Cataphylls densely pale orange-brown- 
tomentose, to 7 cm long. Microsporangiate cones fusiform, pale brown, 35-45 cm long, 
5-7 cm diam. Microsporophyll lamina 12-18 mm long, 8-13 mm wide; sterile apex 
9-14 mm long, recurved, apical spine slender, sharply upturned, 6-25 mm long. 
Megasporophylls 25^5 cm long, grey- and pale orange-brown-tomentose, with 
2-6 ovules, sterile apex 95-190 mm long, 18-40 mm wide, narrowly triangular, 
regularly deeply dentate, with 14-24 lateral teeth, apical spine 10-45 mm long, lateral 
teeth 5-20 mm long, 2-4 mm wide. Seeds flattened-ovoid, green becoming yellow, 
strongly pruinose, 32-36 mm long, 28-32 mm diam.; sarcotesta 2-3 mm thick. Fig. 28. 

Leaf anatomy: upper mesophyll continuous, composed of palisade and 
equidimensional cells; lower mesophyll interrupted at midrib, composed of 
equidimensional and palisade cells; laminar hypodermis discontinuous or continuous, 
1-2 cell layers thick where present; marginal hypodermis 1 cell layer thick; stomatal 
crypts deep, closed; subsidiary cells raised and differentiated; cuticle very thick. 

Notes: distinguished by the narrow glabrous pinnae with strongly recurved margins, 
the long, slender microsporangiate cones, and the long megasporophylls with long 
sterile apices. 

Glaucous leaf waxes may be either present or absent, causing plants to be either blue 
or green in overall appearance. This is apparently genetically controlled, different 
populations being completely blue (e.g. those at Lake Argyle and Bedford Downs), 
completely green (e.g. those at Deception Range) or mixed (e.g. those at Cycad Hill). 
A similar phenomenon occurs in C. furfuracea (below), in this case the green plants 
being very much less conunon and never occurring witliout the blue plants. 

Distribution: a widespread but sporadic species in the eastern and southern 
Kimberley region of Western Australia, occurring also in the Spirit Hills on Bullo River 
station in the Northern Territory (Fig. 25). Found on mainly skeletal sandy soils on 
siliceous substrates, from metasandstones to granites. One occurrence in Western 
Australia is, however, on red Terra Rosa soil on limestone (near Tunnel Creek, in the 
Napier Range). 
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Fig. 28. C. pniinosn. a, part of leaf, b, section of pinna, c, d, microsporophyll. e, megasporophyll with 
seed and stipe, f, tip of megasporophyll (a, b, e from Hill 4117, d from Hill 4117a, f from Hill 3482). 
Scale bar; a, e, f = 1 cm; b = 2 mm; c, d = 5 mm. 
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Conservation status: not considered to be at risk. 

Selected specimens: Northern Territory: Victoria River: Spirit Mills, Bullo River Station, Dunlop 
10160,10162 & Walsh, 9 May 1995 (DNA, NSW). Western Australia: Dampier: near Cycad Hill, Hill 
4115 & Slanberg, 22 Sep 1991 (NSW, CANB). Fitzgerald: Cliffs to SW of Elgee Jump Up, Hill 3482, 
lohnson & Slanberg, 26 Nov 1988 (NSW, PERTH); 32 km from highway on Bedford Downs road (near 
Black HiU), Hill 4117 & Slanberg, 23 Sep 1991 (NSW, CANB). Gardner: Lake Argyle, below dam wall. 
Hill 4119 & Slanberg, 23 Sep 1991 (NSW); The Grotto, Carr Boyd Range near Kununurra, Pernj 3073, 
26 Jul 1952 (CANB, NSW); Deception Range, Peler Wilson 843 & Rowe, 30 Aug 1991 (NSW). 
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Appendix. Hybrids and intermediate forms 

C. armstrongii x C. conferta 

Northern Territory: Darwin & Gulf: 15 km from old highway on Daly River road. Hill 
4058 & Stanberg, 10 Sep 1991 (NSW, CANB, DNA). 

C. armstrongii x C. maconochiei 

Northern Territory: Darwin & Gulf: Leviathan Creek, on Fog Bay road, Anderson s.n., 
25 Apr 1993 (NSW 270256). 

C. arnhemica - C. orientis intergrades 

Northern Territory: Darwin & Gulf: 64.9 km E of Ramangining turnoff on Gove road 
(Badalngarrmirri Creek), Hill 3930 & Stanberg, 25 Aug 1991 (NSW); Arnhem Land, 
Maconochie 2510, 17 Jun 1972 (DNA, AK); c. 5 km NE of McLaren River crossing, 
Maconochie 1622, 23 June 1972 (DNA, CANB, K). 

C. basaltica - C. lane-poolei intergrades 

5 km N of Mitchell Stn homestead, Perner s.n., 28 Oct 1993 (NSW, BRI, CANB); 7.5 km 
N of Mitchell Stn homestead, Perner s.n., 28 Oct 1993 (NSW, CANB); N of Mitchell 
Homestead on track to plateau, Perner s.n., 25 Oct 1994 (NSW, BRI, DNA, K, L, PE). 

C. calcicola x C. conferta 

Northern Territory: Darwin & Gulf: Blackfellows creek. Hill 4462 & Perner, 5 Sep 1993 
(NSW). 

C. niedia - C. opliiolitica intergrades 

Queensland: Port Curtis: 48 km N of Marlborough on Bruce Highway (via Lotus 
Creek), Hind 2878, 30 Dec 1980 (NSW); 40.3 km N of Marlborough, on Bruce Highway, 
Hind 2619, 11 Apr 1980 (NSW). 

C. media - C. platyphi/lla intergrades 

Queensland: Cook: Stannary Hills, W of Herberton, Blaxell 88/202,2 Aug 1988 (NSW); 
1.5 km from Irvinebank on Herberton road. Hill 3766 & Stanberg, 1 Aug 1990 (NSW, 
BRI, CANB, MEL, DNA); c. 10 km NW of Bakerville (Stannary Hills area), Harris 1, 
12 Sep 1974 (NSW); 2 km E of Irvine Bank [Irvinebank], Maconochie 2668, 13 Jun 1981 
(NSW, NT, BRI, NSW, L, CBS). 

C. megacarpa - C. opliiolitica intergrades 

Queensland: Port Curtis: 21.8 km from Bruce Highway on road to Mount Morgan, Hill 
3799 &r Stanberg, 8 Aug 1990 (NSW, BRI, CANB, DNA); 10 km E of Mount Morgan, 
Hind 2844, 21 Dec 1980 (NSW). 
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The taxonomic web of the Grey Spider Flower: 
Grevillea buxifolia (Proteaceae) 

J.M. Hart and MJ. Henwood 


Abstract 

Hnrt, l-M. and Heinmod, MJ. (John Ray Herbarium, School of Biological Sciences, Maclcay Building All, 
The University of Sydney, NSW 2006). The taxonomic web of the Grey Spider Flower: Grevillea buxifolia 
(Proteaceae). Telopea 7(1): 65-76. The Grevillea buxifolia (Sm.) R. Br. species complex displays a wide 
range of morphological variation. The complex has undergone several taxonomic revisions in 
recent years, none of which has adequately accommodated the morphological variation within a 
robust classification. Principal component analysis and cluster analysis of 100 individuals and 35 
characters were used to analyse the complex. These analyses indicated that the complex comprises 
four taxa. Two of the taxa are recognised as species; C. phylicoides R. Br. and G. sphacelata R. Br., and 
two are recognised as subspecies; G. buxifolia (Sm.) R. Br. subsp. buxifolia and G. buxifolia subsp. 
ecornicidata Olde & Marriott. G. phylicoides R. Br. sensu stricto is reinstated to specific rank and 
G. buxifolia subsp. buxifolia is redefined to accommodate G. buxifolia subsp. phylicoides pro parte and 
previously intermediate individuals. All of McGillivray's races are accommodated by this scheme. 


Introduction 

Species serve as the basis for describing and cataloguing diversity and are considered 
to be the basic entities of evolutionary theory (Cracraft 1989). Many species concepts 
have been put forward (Stuessy 1990), but they are generally of two types; those that 
emphasize processes (e.g. the 'biological species concept'), and those that are pattern 
based and emphasize the operational means by which species are recognized 
(Smith 1994). 

The 'biological species concept' defines a species as 'an interbreeding community of 
populations that is reproductively isolated from other such communities' (Mayr 1992). 
It has been found by many biologists to be untenable in tlieory, and unworkable in 
practice, since it can normally only be applied subjectively. Rarely do plant 
taxonomists have sufficient data concerning reproductive behaviour of taxa for the 
concept's successful application. The ability to interbreed can transcend well-defined 
species and even generic boundaries, and thus cannot alone establish discrete, 
evolutionary boundaries (Cracraft 1989; Templeton 1989). The biological species 
concept has only been considered to be objective in cases of sympatry and 
reproductive isolation, yet in such cases, other species concepts would treat the 
situation in the same manner (Cracraft 1989). 

In practice, species recognition is often based on patterns of morphological similarity, 
either intuitively or based upon some combination of multivariate statistical analyses 
(Crisp and Weston 1993; Smith 1994). Below the level of species, the definition of taxa 
is even more nebulous. Five infraspecific ranks arc recognised by the Code of Botanical 
Nomenclature (Greuter et al. 1994). There is, however, little uniformity in the use and 
definition of infraspecific ranks by taxonomists (Stace 1989; Hamilton and Reichard 
1992). The rank of subspecies is frequently applied to populations showing any degree 
of differentiation considered worthy of recognition by the worker (Cracraft 1989). 
However, there is a need for infraspecific variation to be expressed in taxonomic terms. 
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in order to draw attention to taxa and provide them with names, for communication 
and access to literature (Stace 1989). 

Within Grevillea, there are a number of polymorphic species, some of which have been 
formally divided into subspecies or varieties, others informally into 'races' 
(McGillivray 1993). Grevillea buxifolia (Sm.) R. Br. s.lat. (Grey Spider Flower) is one such 
polymorphic 'species' that has received much recent attention. Grevillea buxifolia 
occurs in eastern New South Wales, in a coastal region centred on Sydney (Fig. 1), from 
Wollombi (c. 20 km south-west of Cessnock) in the north to Milton in the south, and 
west to Katoomba, in dry sclerophyll woodland, usually on sandy soils derived from 
Hawkesbury Sandstone (McGillivray 1993). 



Fig. 1. Location within eastern New South Wales of populations of Grevillea buxifolia s.lat. and its 
segregates sampled for these analyses. ■ G. buxifolia subsp. buxifolia, • G. buxifolia subsp. 
ecorniculata, A G. phylicoides, O C. sphacelata. 



Hart & Henwood, Taxonomic web of Grevillea buxifolia 


67 


The G. buxifolia complex has been traditionally regarded as consisting of three closely 
related species: G. buxifolia, restricted to Sydney and northwards, Grevillea pin/licoides 
R. Br. in the Blue Mountains, and Grevillea sphacelata R. Br. on the Woronora Plateau. In 
McGillivray's revision of the genus (1986,1993) the three species were treated as one, 
each being reduced to subspecies of G. buxifolia. In 1986 McGillivray formally 
described and named Grevillea acerata, a species that had previously been regarded as 
a northern 'form' of G. sphacelata R. Br., and which is restricted to the Gibraltar Range, 
New South Wales. McGillivray (1993) also informally recognised five 'races' within 
G. buxifolia, two within subsp. buxifolia ('a' and 'c'), two within subsp. phylicoides ('b' 
and'd'), and subsp. sphacelata ('e'). McGillivray (1993), further identified three groups 
of populations which did not fit into his classification, since they shared features of 
more than one of the 'races'. Intermediates occur between races 'b' and 'c', 'b' and'd', 
and 'c' and'd' (McGillivray 1993). However, the morphologically extreme races, 'c' 
and 'e', occur sympatrically at a number of locations, without apparent signs of 
interbreeding (McGillivray 1993; Olde and Marriott 1994a; pers. obs.). Such 
populations are known to occur in the O'Hares Creek Catchment, around Woronora 
Dam, Lucas Heights, Royal National Park, lllawong and, possibly, Gladesville. 

Olde and Marriott (1993a, b; 1994a, b, c; 1995) have revised a number of taxa that had 
been previously regarded by McGillivray as subspecies or forms. Olde and Marriott 
(1994a), drawing partly on McGillivray's work, formally described and named 
McGillivray's race 'a' as G. buxifolia subsp. ecorniculata Olde & Marriott, and reinstated 
subspecies sphacelata to species rank. Olde and Marriott (1994a) did not, however, 
address the taxonomic status of the intermediate entities within the complex. 

Thus, as the taxonomy currently stands, G. buxifolia comprises tliree subspecies: 
buxifolia, ecornicidata and phylicoides — each with one or two forms — and with some 
intermediates. Grevillea buxifolia appears to be most closely allied to both G. sphacelata 
and G. acerata. McGillivray's concept of a species is morphological, whereas Olde and 
Marriott (1993b) have defined their own biologically-based species concept. Thus the 
G. buxifolia complex serves as an ideal model with which to investigate the ideas and 
techniques involved in the delimitation and ranking of species and infraspecific taxa. 

The current study attempts to clarify the taxonomic position of the intermediate 
individuals present in the G. buxifolia complex by way of principal components analysis 
and cluster analysis, and in doing so reassesses the stahis of the currently recognised taxa. 


Methods 

A total of 100 flowering specimens (OTUs) of G. buxifolia s.lat. were chosen to represent 
the geographic range and morphological variation exhibited by the complex. Of the 
100 G. buxifolia individuals used in the analyses, 12 were from G. buxifolia subsp. 
ecorniculata (race 'a'), 8 were from G. buxifolia subsp. phylicoides pro parte (race 'b'), 22 
G. buxifolia subsp. buxifolia (race 'c'), 17 G. buxifolia subsp. phylicoides sensu stricto (race 
'd'), 28 G. sphacelata (race 'e'), and 13 could not be assigned to a race. An additional 
three specimens of G. acerata were included in the analysis, because of this taxon s 
previous inclusion within G. sphacelata. 

Specimens were collected in the field (vouchers lodged at SYD), or were sampled from 
herbarium specimens from the John Ray Herbarium (SYD) and National Herbarium 
of NSW (NSW). Prior to measurement the fresh leaves and flowers were stored in a 5% 
glycerine in 65% alcohol mixture, whereas material sampled from herbarium 
specimens was rehydrated prior to measurement by heating in a weak detergent 
solution. Where possible, character reliability of both spirit preserved and rehydrated 
organs was checked by reference to fresh material. 
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Where appropriate, the characters employed by McGiliivray (1993) and Olde and 
Marriott (i994a) were included in the data set. In total, twenty-four floral and eleven 
foliar characters were measured (Appendix 1). Each character was measured from 
three flowers or from three leaves per specimen; the means were subsequently used to 
represent each specimen in the analysis. The leaves were removed from the fifth, sixth 
and seventh nodes below an open conflorescence to reduce allometric differences 
between individuals. 

Computerised image analysis was utilised in the measurement of six of the leaf 
characters. Unsealed leaves were digitised using a Tracor Northern TN-8502 computer 
(IPA85 imaging software, Tracor Northern 1987) fitted with a Sony DXC-3000P CCD 
colour video camera. Measurements of floral characters were made directly using an 
eye-piece graticule on a dissecting microscope. 

Numerical analyses were performed using 'A MultiVariate Statistical Package' (MVSP 
Ver. 2.1, Kovach 1993) computer program, run on an IBM-compatible PC. The data 
were range-coded to prevent those characters with the greatest range from dominating 
tlie analysis (Sneath and Sokal 1973). Principal components analysis was undertaken 
using Euclidean distance. The cluster analysis employed Gower's similarity metric 
(Gower 1971), and was combined with a UPGMA (unweighted pair-group method 
using averages) clustering strategy (Sneath and Sokal 1973). 

The chromosome numbers of all races of G. buxifoUa s.lat. were determined from 
studies of meiosis, obtained from pollen mother cells fixed in 1:3 acetic-alcohol and 
stained in aceto-carmine. 


Results 

The observed chromosome numbers indicated that all races of G. buxifolia s.lat. are 
diploid. The chromosome number of all races was n = 10 (Table 1). 

Ordination of the first three principal components (Fig. 2) resulted in the resolution of 
five main groups: G. acerata, G. sphacelata, G. buxifolia subsp. phylicoides sensu stricto 
(race'd'), G. buxifolia subsp. ecorniculata (race 'a') and a group comprising G. buxifolia 
subsp. buxifolia, G. buxifolia subsp. phylicoides pro parte (race 'b') and all of the 
unassigned OTUs. The first three principal components accounted for 68.2% of the 
total variance (Table 2). 

Grevillea acerata and G. sphacelata are separable from the other OTUs in the first 
principal component (Fig. 2a) based on the extent of stem and petiole trichome 
appression (characters 25 & 26). The second principal component separates G. buxifolia 
subsp. phylicoides sensu stricto (race'd') from the other OTUs (Fig. 2a & c) on the basis 
of the erect trichomes on its abaxial leaf surfaces (character 35). Grevillea buxifolia 
subsp. ecoruicidata formed an identifiable subgroup of the G. buxifolia complex 
(races 'c', 'b' and unassigned OTUs) in the third principal component (Fig. 2b) because 
of its lack of a stylar appendage (character 23). 

Cluster analysis (Fig. 3) resulted in the resolution of the same five groups as 
determined by Principal Components Analysis (PCA). The only conflict between the 
PCA and cluster analysis involved the apparent affinities of the unassigned OTUs. In 
contrast with the PCA, four of the 13 unassigned OTUs were placed with G. buxifolia 
subsp. phylicoides sensu stricto (race'd'). All race 'b' OTUs and the nine remaining 
unassigned OTUs were nested within the race 'c' OTUs in the cluster analysis, 
however, it is clear from the ordination that all of the unassigned OTUs are 
unequivocally associated with a group dominated by G. buxifolia subsp. buxifolia (races 
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Fig. 2. Ordination of the first three principal components, a, principal components 1 and 2; 
b, principal components 1 and 3; c, principal components 2 and 3. (a — G. buxifolia subsp. ecorniculata, 
b - G. buxifolia subsp. phylicoides pro parte race 'b', c - G. buxifolia subsp. buxifolia, d - G. buxifolia 
subsp. phylicoides sensu stricto race'd', e - G. sphacelata, t - G. acerata, * — unassigned OTUs). 
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Discussion 

These analyses indicated that G. buxifolia comprises two entities: (1) G. biixifolia subsp. 
ecomiculata and (2) G. buxifolia subsp. buxifolia, G. buxifolia subsp. pliylicoides pro parte 
(race 'b') and all of the previously unassigned OTUs. Grevillea buxifolia and G. pdiylicoides 
sensu stricto (race'd'), as defined here, are separable from G. acerata and G. sphacelata. 

A significant amount of the phenetic pattern of variation within the Grevillea buxifolia 
complex was found to be size-related. The flowers of G. buxifolia subsp. buxifolia (race 
'c') are noticeably larger than those of the other races, suggesting the possible presence 
of polyploidy. However, chromosome counts determined that polyploidy is not, 
apparently, present within the G. buxifolia complex. 

Chromosome number alone is also uninformative as to the possible reproductive isolation 
of any of the taxa. To prove reproductive isolation is difficult, if not impossible in a genus 


Table 1. Chromosome numbers in the Grevillea buxifolia complex. Voucher specimens lodged at SYD. 


Taxon 

Chromosome no. 

Voucher 

race 'a' 

n = 10 

Staircase Hill, 7.9km S of Putty turnoff, on the Putty Road, 
NSW. J.M.Hart 94023 9/4/1994 

race 'b' 

n = 10 

c.32km N of Windsor on the Putty Road, NSW. J.M.Hart 
94019 9/4/1994 

race 'c' 

n = 10 

Oxford Falls Road, 0.8km W of Oxford Falls, NSW. J.M.Hart 
94050 21/8/1994 

race '(d' 

n = 10 

Bruce Road, Glenbrook, NSW. A.J.Perkins s.n. 10/4/1994 

race 'e' 

n = 10 

Woronora Dam Road, 5.6km from Princes Hwy, NSW. 
J.M.Hart 94004 26/1/1994 


Table 2. Character loadings of the major characters and percentages of total variation for the first 
three axes of the principal components analysis. 


Character 

AXIS 1 

AXIS 2 

AXIS 3 

6. Limb length 

0.204 

-0.131 

-0.134 

7. Limb length:Perianth height 

0.093 

-0.049 

-0.243 

8. Perianth length 

0.215 

-0.145 

-0.007 

14. Style length 

0.200 

-0.129 

0.125 

16. Style length:width 

0.068 

-0.029 

0.281 

18. Pollen-presenter width 

0,153 

-0.145 

-0.260 

20. Appendage length (no trichomes) 

0.219 

-0.043 

0.264 

21. Appendage length (with trichomes) 

0.237 

-0.051 

0.276 

22. Appendage trichome length 

0.212 

-0.062 

0.210 

23. Appendage shape 

0.169 

0.014 

0.529 

25. Stem indumentum 

0.403 

0.253 

-0.245 

26. Petiole indumentum 

0.385 

0.387 

-0.001 

34, Leaf abaxial trichome density 

-0.236 

-0.432 

0.054 

35. Leaf abaxial trichome state 

-0.015 

0.561 

-0.060 

% variation 

43.22 

16.69 

8.29 

cumulative % variance 

43.22 

59.91 

68.20 
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in which there exists widespread self-compatibility (McGillivray 1993), and many 
naturally occurring hybrids between otherwise distinct species (e.g. McLuckie 1930). 

According to the biological species concept, reproductive isolation is the process 
which delineates species. Use of reproductive isolation to define plant species makes 
their identification largely conjectural since morphological disparity or similarity has 
no necessary place in the definition of the biological species. The mismatch between 
reproductive isolation and morphological distinctness is evident from the literature on 
cryptic, sibling and polytypic species (Cracraft 1989; Smith 1994), and the common 
occurrence of hybridization between morphologically and evolutionarily distinct 


Gowers Similarity Metric 

0.65 0.70 0.75 

I-1->— 


0.80 



G. acerata 
[31 


G. sphacelata 
(race ‘e’) 

[28] 


race ‘d' and one 
‘intermediate’ t 
[18] 


three 

intermediates 

[3] 


[37] 


races ‘b’, ‘c’ $ 
[1] and nine 
intermediates 


[ 1 ] 


race 'a' 

(G. buxifolia 
subsp. 
ecorniculata) 
[ 12 ] 


t race ‘d’ (= G. buxifolia subsp. phylicoides sensu stricto) 

t race ‘b’ (= G. buxifolia subsp. phylicoides pro parte), race ‘c’ (= G. buxifolia subsp. buxifolia) 

Fig. 3. Dendrogram resulting from the cluster analysis, indicating the presence of four groups 
within the Grevillea buxifolia complex. NB. clusters above 0.80 similarity not shown. Number of 
OTUs in each cluster given in square brackets. 
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plant species (Stuessy 1990). Reproductive isolation is merely a subset of the numerous 
possible consequences of the more general process of differentiation (Cracraft 1989). 
Thus, in practice, the biological species complex is difficult to apply successfully. 

The morphological species concepts are commonly employed. It is assumed that 
morphological relationships do reflect genetic and reproductive relationships. 
Morphological data are the most easily obtained, and phenetic methods can handle 
large data sets in which there are complex patterns of variation. However, defining 
species morphologically also has faults, and critics believe that this approach is too 
subjective. Users of the phenetic species concept have to decide which phenetic unit is 
the one to be called a species (Stuessy 1990). A specific level of dissimilarity, above 
which two taxa should be recognised as separate species, subspecies, or other rank, 
carmot be determined and applied uniformly. In addition to this, there are a number 
of examples in which biochemical and molecular techniques are in absolute 
disagreement with morphological species, or with each other (King 1993). Thus, the 
biological species concept and morphological species concepts each carry their own 
sets of implications and limitations (Smith 1994). 

Here, the taxonomy of the Grevillea buxifolia species complex is based upon 
morphological data. 


Taxonomic conclusions 

It is clear from these analyses that G. buxifolia subsp. pliylicoides is divisible into two 
groups; race 'b' and race'd'. Individuals conforming to race 'b' and the previously 
unassigned individuals are easily accommodated within G. buxifolia subsp. buxifolia 
whereas those conforming to race'd' merit recognition at the species level. Race'd' 
conforms precisely to Brown's concept of G. pliylicoides as lectotypified by Makinson 
(1997 ined.), and, therefore, requires reinstatement to species level and a redefinition of 
the concept of G. buxifolia subsp. buxifolia. Grevillea buxifolia subsp. ecorniculata (race 'a') 
forms an identifiable, but phenetically similar, subgroup of G. buxifolia based only on 
a single character; the lack of the stylar appendage. Thus on the basis of these analyses, 
continued recognition of Grevillea buxifolia subsp. ecorniculata is recommended. 
Grevillea buxifolia as defined here consists of tw'o subspecies: buxifolia and ecorniculata, 
and is separable at the species level from G. acerata, G. pliylicoides and G. spliacelata as 
outlined in Table 3 and below. 


Table 3: Recent taxonomic concepts in the Grevillea buxifolia complex and taxonomic 
recommendations. — species boundaries, -subspecies boundaries, .race boundaries. 


Original 

taxonomy 

McGillivray, 1986 

McGillivray, 1993 

Olde & Marriott, 
1994 

Taxonomic 

Recommendations 

Grevillea 

Grevillea buxifolia 
subsp. buxifolia 

race 'a' 

Grevillea buxifolia 
subsp. ecorniculata 

Grevillea buxifolia 
subsp. ecorniculata 

buxifolia 

Grevillea buxifolia 
subsp. buxifolia 

race 'c' 

Grevillea buxifolia 
subsp. buxifolia 

Grevillea buxifolia 
subsp. buxifolia 

Grevillea 

Grevillea buxifolia 
subsp. phyllcoldes 

race 'b' 

Grevillea buxifolia 
subsp. phyllcoldes 

Grevillea buxifolia 
subsp. buxifolia 

phyllcoldes 

Grevillea buxifolia 
subsp. phyllcoldes 

race'd' 

Grevillea buxifolia 
subsp. phylicoides 

Grevillea phylicoides 

Grevillea 

sphacelata 

Grevillea buxifolia 
subsp. sphacelata 

race 'e' 

Grevillea sphacelata 

Grevillea sphacelata 
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Nomenclature 

Grevillea buxifolia (Sm.) R. Br., Trans. Linn. Soc. London 10:174 (1810). 

Embothrium bnxifolinm Sm., A Specimen of the Botany of New Holland: 29 t.lO. (1794). 

Stylurus buxifolia (Sm.) Knight, On the Cultivation of Plants Belonging to the Natural Order 
of the Proteeae: 115 (1809). 


Grevillea buxifolia Sm. (R.Br) subsp. buxifolia, see McGillivray, New Names in 
Grevillea (Proteaceae): 3 (1986). 

Embothrium genianthum Cavanilles, Ic. & Descr. PI. 4: 60 t.387 (1798). 

Grevillea buxifolia race 'b' (informal) McGillivray, Grevillea (Proteaceae): A taxonomic 
revision: 312-314 (1993). 

Grevillea buxifolia race 'c' (informal) McGillivray, Grevillea (Proteaceae): A taxonomic 
reviskm: 312-314 (1993). 

Geographic distribution: Central Coast: from north of Gosford, south to Port Jackson 
and inland to Bucketty, Culoul Range and Bilpin, as well as south of the Georges River 
to Appin and Bulli Pass on the Woronora Plateau. 

South Coast: Restricted to Pigeon House Mountain near Milton. 

Apparently intergrading populations with Grevillea phylicoides occur in the 
Bilpin-Kurrajong area. Grevillea buxifolia subsp. buxifolia co-occurs with Grevillea 
sphacelata without intergrading at Gladesville, Illawong, Royal National Park, Lucas 
Heights, Woronora Dam and the O'Hares Creek Catchment. 


Grevillea buxifolia subsp. ecorniculata Olde & Marriott, Telopea 5(4): 709 (1994). 

Grevillea buxifolia race 'a' (informal) McGillivray, Grevillea (Proteaceae): A taxonomic 
revision: 312-314 (1993). 

Geographic distribution: Central Coast: In the region around the town of Putty, 
between Howes Mountain to Wollombi and Mount Coricudgy. 


Grevillea phylicoides R. Br., Trans. Linn. Soc. London 10:174 (1810). 

Grevillea scabrifolia Gandoger, Bull. Soc. Bot. France 66: 231 (1919). 

Grevillea buxifolia subsp. phylicoides (R. Br.) McGillivray, Nezv Names in Grevillea 
(Proteaceae): 3 (1986) pro parte. 

Grevillea buxifolia race'd' (informal) McGillivray, Grevillea (Proteaceae): A taxonomic 
revision: 312-314 (1993). 

Geographic distribution: Central Coast: Lower Blue Mountains from Glenbrook to 
Lawson, north to Grose Wold and south to Oakdale 

South Coast: Known from a single collection on Beecroft Peninsula. 

This species apparently intergrades with Grevillea buxifolia subsp. buxifolia in the 
Kurrajong-Bilpin area. 
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Grevillea sphacelata R. Br., Trans. Linn. Soc. London 10:174 (1810). 

Grevillea ivalteri Gandoger, Bull. Soc. Bot. France 66: 231 (1919). 

Grevillea buxifolia subsp. sphacelata (R. Br.) McGillivray, New Names in Grevillea 
(Proteaceae): 3 (1986). 

Grevillea buxifolia race 'e' (informal) McGillivray, Grevillea (Proteaceae): A taxonomic 
revision: 312-314 (1993). 

Geographic distribution: Central Coast: From Gladesville in the coastal region south 
to Bulli and inland to Picton and Mittagong. 

Central Tablelands: Known from a single collection at Leura. 

South Coast: From Jerv'is Bay inland to Conjola. 

Co-occurs with Grevillea buxifolia subsp. buxifolia without intergrading at Gladesville, 
lllawong. Royal National Park, Lucas Heights, Woronora Dam and the O'Hares Creek 
Catchment. 


Name of uncertain application 

Grevillea collina (Knight) Sweet, Hortus Suburbanus Londonensis: 22 (1818). 

Stylurus collina Knight, On the Cultivation of Plants Belonging to the Natural Order of the 
Proteeae: 116 (1809). 

This name may be applicable to either Grevillea sphacelata or Grevillea phylicoides, 
however the protologue in the absence of a specimen or illustration, is insufficient for 
the purposes of circumscription. 


Key to Grevillea buxifolia and morphologically similar species 

1 Stem covered by an appressed, subsericeous to subvillous indumentum 


2 Flowers with sutures adaxially oriented . G. acerata 

2* Flowers with sutures abaxially oriented 

3 Conflorescences borne terminally and in leaf axils . G. occidentalis 

3* Conflorescences borne terminally only . G. sphacelata 


1* Stem covered by a spreading, villous to tomentose indumentum 

4 Leaves covered by erect hairs below, linear-oblong to narrowly elliptic, 7-30 mm 
long, 3-5 mm wide; pollen-presenter elliptic to narrow elliptic, 1-1.6 mm wide 
... G. phylicoides 

4* Leaves covered by appressed hairs below, elliptic to ovate, 5-25 mm long, 

2-6.5 mm wide; pollen-presenter round to elliptic, 1.4—3.3 mm wide . 

. G. buxifolia 

5 Stylar appendage > 1.4 mm long . G. buxifolia subsp. buxifolia 

5* Stylar appendage absent or rarely to 1.3 mm long . 

. G. buxifolia subsp. ecorniculata 
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Appendix 1. Character List 

Character Definition 

Floral characters 

1. Floral orientation 0 - adaxial, 1 - abaxial. 

2. Pedicel length 

3. Pedicel colour 0 - rusty trichomes sparse/absent, 1 - rusty trichomes 

present 


4. Torus width 

5. Perianth height 

6. Linab length 

7. Limb length/Perianth height ratio 

8. Perianth length 

9. Perianth height/length ratio 

10. Nectary height 

11. Nectary trichomes 

12. Stipe length 

13. Ovary length 

14. Style length 

15. Style width at midpoint 

16. Style length/width ratio 

17. Pollen-presenter length 

18. Pollen-presenter width 

19. Pollen-presenter length/width ratio 

20. Appendage length (no trichomes) 

21. Appendage length (with trichomes) 

22. Appendage trichome length 

23. Appendage shape 

24. Trichome length/Appendage (no trichomes) 

Leaf and stem characters 

25. Stem indumentum 

26. Petiole indumentum 

27. Leaf length 

28. Leaf width 

29. Aspect ratio 

30. Leaf area 

31. External leaf perimeter 

32. Leaf circularity 

33. Leaf rectangularity 

34. Leaf abaxial trichome density 


35. Leaf abaxial trichome state 


Sum of the perianth height and limb length 


0 - absent, 1 - present. 

The distance from the torus to the base of the ovary. 
The distance from the base to the top of the ovary. 
The distance from the top of the ovary to the base of 
the pollen-presenter. 


including the rim (if present), 
including the rim (if present). 

exclusive of trichomes. 
inclusive of trichomes 

the difference between characters 20 and 21. 

0 - absent, 1 - obtuse, 2 - acute. 

The ratio of character 22 : character 20 

0-appressed, 1 - spreading. 

0 - appressed, 1 - spreading 
maximum leaf projection 

The maximum leaf projection perpendicular to the 

maximum projection 

The ratio of leaf length to leaf width 

Measured from the number of pixels in a leaf image 

leaf image perimeter measured from pixel centre to 

pixel centre 

a measure of deviation from a circle (circle value = 1), 
calculated from the equation: _ (external perimeter^ 

4n X area 

deviation of leaf shape from a rectangle 

(rectangle value = 1), rectangularity-_ 

(West and Noble, 1984) length x width 

1 - space between trichomes > 4 times the width of 
the trichomes 

2 - space between trichomes 2 to 4 times the width of 
the trichomes 

3 - space between trichomes < 2 times the width of 
the trichomes 

4 - trichomes almost always touching along their whole 
length 

0 - appressed, 1 - spreading 
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Micro myrtus grandis (Myrtaceae), 
a new species from New South Wales 

J.T. Hunter, F.C. Quinn and JJ. Bruhl 


Abstract 

Hunter, ].T., Quinn, F.C. and Bruhl, j.j. (Department of Botany, University of New England, Armidale, 
NSW 2351, Australia) 1996. Micromyrtus grandis (Myrtaceae), a neiu species from New South Wales. 
Telopea 7(1): 77-81. Micromyrtus grandis J.T. Hunter, a new species found during a recent floristic 
survey of the granitic outcrop flora of the New England Batholith is described, compared with 
related species, and assessments of conservation status and abundance are presented. 


Introduction 

During a recent floristic survey of granitic outcrops of the New England Batholith by 
one of us (Hunter), an unusual specimen of Micromyrtus was collected within the 
Severn River Nature Reserve on the North Western Slopes of New South Wales. The 
taxon was readily recognisable as being distinct from other Micromyrtus species within 
the region by its size and habit. Examination of previous treatments (Green 1980, 
Stanley 1986, Wilson 1991), and material held at NSW, BRl and NE has revealed that 
this taxon can be distinguished at specific rank, and is most closely allied to 
M. leptocalyx (F. Muell.) Benth. 

The species is apparently restricted to one porphyritic ridge within the Severn River 
Nature Reserve and a private property at the base of the same ridge. Many plants were 
found on the ridge where the species dominates or co-dominates communities. 
Assessments of population size were made and surrounding comparable areas were 
searched unsuccessfully for further populations. 


Methods 

Forty-four samples were taken from representative plants seen in the field. 
Observations and measurements were made from these specimens (vouchers are 
listed below). Age-class distribution and population size were estimated during 
August 1995 by placement of two 90 m by 30 m belt transects in an 'L' shape across 
and down the ridge on which the plants were found. Population size was estimated 
by extrapolation of the numbers found within the transects to likely geographical 
distribution, based on aerial photographs and on ground searching. 


Taxonomy 

Micromyrtus grandis J.T. Hunter, sp. nov. 

affinis M. leptocalyci (F. Muell.) Benth., sed foliis latioribus, floribus minoribus, 
glandibus versus apicem antherarum tribus differt. 
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Type: New South Wales: North Western Slopes: Severn River Nature Reserve (29°26'S 
151°2rE), on porphyritic rocky outcrop, alt. 710 m. Hunter 3350, Quinn & Nano, 
8 Aug 1995 (holo: NSW, iso: AD, BRl, CANB, HO, MEL, NE, PERTH). 

Monoecious shrub l^(-6) m tall, erect, fruticose to columnar. Branching pattern single 
stemmed to mallee-like. Bark stringy, orange-brown, curling off in linear strips starting 
with the younger branches, on the stems and older branches forming masses of curling 
exfoliated bark within the centre of the shrub. Stems woody, terete and glabrous. Petioles 
glabrous, 0-0.3 mm long. Leaves simple, opposite, decussate, obovate, elliptic to oblong, 
flat to recurved, mostly bent just above the petiole, strongly keeled in cross section, 
sometimes tinged red to brown on the apex and margins, 0.5-4.1 mm long, 0.6-1.4 mm 
wide, older leaves on the larger stems appressed and flat; margins entire to irregularly 
minutely serrulate, often becoming more entire with age; apex obtuse (rarely shortly 
acute at keel); base cuneate to obtuse. Oil dots conspicuous, larger abaxially in 2 distinct 
rows one on either side of the keel, smaller oil dots scattered on both surfaces, 
containing aromatic oil. Flowers axillary and solitary. Bracteoles 2, 0.7-0.9 nxm long, 
strongly keeled with an incurved tip, caducous before the expansion of the peduncle 
prior to anthesis and leaving distinct scars at the peduncle apex. Peduncle 0.3-1.6 mm 
long, slightly recurved, red turning brown with age, held for up to 3 seasons. 
Hypanthium 0.9-1.6 mm long, 0.^1.1 mm wide, glabrous, obconical. Corolla 
actinomorphic (although the hypanthium is slightly incurved and dorsiventrally 
flattened). Calyx petaloid, glabrous, lime- to olive-green. Sepals 5, 0.1-0.3 mm long, 
0.2-0.8 mm wide. Petals 5,0.5-1.2 mm long, 0.6-1.1 mm wide, white to cream and rarely 
pink at the apex, imbricate in bud, glabrous or rarely with minute papillae on the 
margin, sometimes keeled, with 2 rows of oil dots on either side of the keel. Stamens 5, 



Fig. 1. Micromyrtus grandis a, flower; b, c, fruits with sections of the fruit wall removed to reveal 
the single loculus and multiple seeds; d, branch with leaves and flowers, some leaves deciduous 
(a-d from Hunter 3350, Quinn & Nano). Scale bar: a = 2 mm; b, c, = 1 mm; d, = 5 mm. 
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antepetalous; filaments 0.1-0.3 mm long; anthers 0.1-0.3 mm long, red to brown, 
dorsifixed, divergent, dehiscence transverse and introrse, connective bearing three 
apical oil glands, the central one most prominent, ovoid and projecting forward, the 
other two more or less orbicular and visible abaxially. Ovary half inferior. Lociiles 1. 
Ovules 6 rarely 5, collateral. Style terete, 0.1-0.5 mm long, persistent m the fruit. Stigma 
capitate, minutely papillate. Fruit a scarcely enlarged, simple, dry iiadehiscent nut, 
0.9-1.6 mm long, 0.^1.1 mm wide, brown, obconical, with 5 major ribs (4 ribs branched 
once or twice, 1 rib usually uirbranched). Seed 0.3-0.5 mm long, 0.2-0.4 mm wide, 
smooth, brown, pyriform. Pollination probably entomophilous. Dispersal via fruit. 
Flowering time July to September. Fruiting time August to September. Fig. 1. 

Specimens examined: New South Wales: All topotypes: North Western Slopes: Severn River 
Nature Reserve, on porphyritic rocky outcrop, alt. 740 m. Hunter 3143, 15 July 1995 (NE); Hunter 
3366-3367, Quinn & Nano, 8 Aug 1995 (AD); 3368-3370 (BRl); 3371-3373 (CANB); 3374-3375 
(DNA); 3376-3377 (HO); 3378-3379 (K); 3380-3381 (L); 3382-3383 (MEL); 3384-3385 (MO); 
3350-3365 (NE); 3392-3394, (NSW), 3386-3387 (PERTH); 3388-3389 (PRE); 3390-3391 (UNSW). 

A number of species has recently been recognised within the M. leptocalyx group in 
Queensland (A. Bean, pers. comm., August 1995). Discussions with Bean and 
examination of material have confirmed and highlighted morphological differences, 
particularly in floral morphology, between M. grandis and M. leptocalyx sens. lat. as 
currently circumscribed (Table 1) and sens, strict. (Bean). 

Notes: This species appears not to be attacked by any insect as all leaves and stems 
seen were undamaged and no galls were found. The very ornamental orange-brown 
bark and dense growth with much green foliage give this plant horticultural potential. 
The stripping bark is only known from this species, M. leptocalyx, and a form of 
M. sessilis from the Bolivia Range, NSW. 

Distribution: The majority of the population is apparently restricted to one ridge within 
the Severn River Nature Reserve, with some plants on an adjoining property {Clayton 
Chase) at the base of the same ridge. Despite surveying similar outcrop habitat on tlie same 
geology, three further days in the surrormding country, a day at Pindari Dam, three days 
on similar land on private properties along the Severn River {The Willows, Rocky Glen) and 
four days at Kings Plains National Park, no further populations have been found. 
However, further searches on the northern bank of the &vern River could be fruitful. 

Habitat: Found in open and exposed situations in heath and low woodland on 
porphyritic outcrops between 600 and 750 m altitude. The taxon is found rooted 


Table 1. Comparison of selected characters for Micromyrtus leptocalyx (Bentham 1867: 65, 
Stanley 1986) and M. grandis. 


Substrate 


Shrub height (m) 
Leaf length (mm) 
Leaf width (mm) 
Leaf shape 


Hypanthium length (mm) 
Petal length (mm) 
Connective gland number 
Ovule number 


Micromyrtus leptocalyx 

Sandy and gravelly soils 
and sandstone outcrops 

Up to 2.5 
1-5 
c. 0.5 


to 2.5 
0.7-2 


Linear to narrowly obovate 


6-8 


Micromyrtus grandis 

Shallow soil 

on porphyritic outcrops 
Up to 4(-6) 

0.5-4.1 
0.6-1.4 

Obovate to elliptic to oblong 
0.9-1.6 
0.5-1.2 

3 (1 central + 2 lateral) 

5-6 
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within crevices of bare rocky slopes and in shallow soil surrounding the bare slopes. 
Associated species within low woodland include Eucalyptus crebra, Allocasuarim 
inophloia, Acacia sp. aff. pubifolia, Xantborrhoea jolmsonii; in heath the associations were 
Leplospermum novae-angliae, Micromyrtus sessilis and Leucopogon neo-anglicus. 

Etymology: The specific epithet ^rtn/dis refers to the overall size of this species, which 
is the largest yet known in the genus. 

Population structure: Large numbers of this species were found at the only known 
locality. Extrapolating the data presented in Table 2 to a total predicted habitat area of 
at least 4 ha, the number of plants is estimated to be more than 1,500. Further work is 
needed to confirm the standing population size. The distribution of size-class 
structure indicates that very few juveniles are present in the population. This may be 
due to the age of the communities, as it was noted that fire had not occurred in the area 
for some time. 

Conservation status: Due to the very restricted occurrence of M. grandis; i.e. only on 
one ridge, its relatively small population, and the proposed land use (goat grazing) of 
the private property, a preliminary ROTAP code (Briggs & Leigh 1988) of 2EC is 
si^SS^sted. Because of its rarity and ornamental nature, cuttings of M. grandis have 
been distributed to local members of the Society for Growing Australian Plants in 
order to establish it in cultivation. 

Conclusion: Micromyrtus grandis is clearly distinct from, but closely related to 
M. leptocalyx. Further work on the phylogenetic and biogeographical relationships of 
this species is warranted, as well as investigation of its population size, distribution, 
ecology and likely threats. 

The key for the New South Wales species of Micromyrtus by Wilson (1991:186) should 


be amended as follows: 

2* Ovules 4-6; hypanthium > 0.9 mm long. 

3 Leaves with keel ciliate; margins of sepals fimbriate . 3. M. blakelyi 

3* Leaves with keel glabrous; margins of sepals minutely toothed to entire 

4 Hypanthium with 2 lateral pairs of ribs flanking it . 4. M. ciliata 

4* Hypanthium with 5-8 ribs, ± equally spaced 
5 Hypanthium 5-ribbed 


6. Leaves linear to oblanceolate, 0.5-0.8 mm wide; flowers ± sessile 
. 5. M. sessilis 

6* Leaves obovate, oblanceolate to oblong, 0.6-1.4 mm wide; flowers 


distinctly pedunculate . 6. M. grandis 

5* Hypanthium 8-ribbed . 7. M. striata 


Table 2. Number and size-class distribution of Micromyrtus grandis within two 90 x 30 m belt 
transects. 


Transect 

0-0.5 m tall 

Individual per size-class 
0.5-2 m tall 

2 m + tall 

Total 

1 

7 

51 

41 

99 

2 

6 

75 

63 

144 

Totals 

13 

126 

104 

243 
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Abstract 

Wilson, Knrcn L. (National Herbarium of Neiu South Wales, Royal Botanic Gardens, Sydney NSW 2000, 
Australia) 1996. Nomenclatural notes on Polygonaceae in Australia. Telopea 7(1): 83-94. Lectotypes are 
designated for Polygonum dietrichiae, P. elatius, P. hydropiper forma ciliare, P. lanigcrum, P. strigosum, 
Rumex brownii, R. elementii, R. drummondii, R. dumosiis, R. balopihilus, and R. muellcri. Typification is 
discussed for Rumex acetosella, Polygonum strigosum van glabratum, Rumex bidens and R. oxysepalus. 
Rumex alcockii is here regarded as a synonym of R. brownii. The known history of introduction to 
Australia of Acetosa vesicaria and its subsequent spread is discussed. 


Introduction 

Preparation of a treatment of the family Polygonaceae for the 'Flora of Australia' 
necessitates various lectotypifications and nomenclatural notes being published in 
advance of that treatment. In addition, comments are made on the spread of the 
naturalised weedy species Acetosa vesicaria. Names are dealt with in alphabetical order 
except for a few synonyms that are under the currently accepted name where that is 
also being discussed. 

In the following discussions, it is to be understood that, except where I have noted 
otherwise, all specimens have been examined by me, that the specimen selected as a 
lectotype accords with the description in the protologue, and that the specimen is in 
reasonable condition. 


Acetosa 


Acetosa vesicaria 

Acetosa vesicaria (L.) A. Love, Rit. Landbun. Atvinn. Hask. Reykyavik ser. B, 3: 108 
(1948); Rumex vesicarius L., Sp. PI.: 336 (1753). 

Rumex elementii Domin, Bibl. Bot. Heft 89: 614, pi. 20, fig. 1-3 (1921). 

Type citation: 'Nordwest-Australien: zwischen Ashburton- und De Gray River, 
E. Clement.' 

Type: Western Australia: N.W. Australia, inter fl. Ashburton et De Gray Rivers, 
E. Clement, [no date, c. 1899); lecto (here designated) PR 526276; probable isolecto K. 

Domin based Rumex elementii on a collection of the introduced species Acetosa vesicaria 
(L.) A. Love — also known as Rumex vesicarius L. if a broad view is taken of the genus 
Rumex. The PR sheet of this collection is chosen as lectotype since it bears Domin's 
new name in his own script. The K sheet lacks manuscript annotations by Domin but 
bears the same collecting information as that in PR. 
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Acetosa vesicaria is native from North Africa to Pakistan. As with many weedy species, 
the history of its introduction to Australia is poorly documented. The limited range of 
collections gives a very poor record of the spread of what is now a common naturalised 
weed in arid and semi-arid Australia. Rechinger (1984: 77) speculated that the species 
was introduced in the latter half of last century with camels. However, there is no 
evidence for this. Indeed, various species are said to have been introduced in the 
stuffing of camel saddles but supporting evidence is lacking for most of them. Rechinger 
suggested as an alternative in the same paper (1984:87) that this species was introduced 
to Australia only 'during the past 50-60 years' but the available specimens suggest that 
this is an under-estimate of its date of introduction. The species was in cultis'ation in the 
Sydney area by 1902 (specimen in NSW), and would have been popular in arid 
Australian settlements as a colourful, annual ornamental. It was also regarded as good 
fodder for sheep (Morris 1966: 53) in those dry areas. The papery persistent fruiting 
perianth would aid dispersal. 

The earliest known naturalised specimens come from Western Australia. The 
collection made by Dr Emile Clement (the type of Riimex clementii) may be the earliest 
made here — there is no date of collection given but the label of the Kew specimen 
records that it was purchased by Kew in August 1900. Clement apparently visited 
Western Australia from England and collected in the north-west in the period 
1897-1899 (Sharr 1988). TTie first western record with definite date is that of 
J.H. Maiden, who collected the species in or near Kalgoorlie in 1909 (specimen in 
NSW), and in 1913 it was collected at Mt Morgan. This suggests that it was probably 
widespread in inland south-western Australia by tlien, although it was not listed for 
the State by Gardner (1925,1930). 

The first naturalised collection from eastern Australia was made in or near Broken Hill 
in 1918 (specimen in NSW). It seems likely that the species had been in the Broken Hill 
area for some years since it was well-established there by 1921, in which year Morris 
(on label on specimen in NSW) reported it to be 'growing profusely in many places 
this season after the good rains in January'. Morris (1966: 53) stated that it 'first 
appeared in 1918' but his comment in 1921 about its wide occurrence then suggests 
that it had been in the district for more than a few years. There is a collection made in 
or near Cobar in 1939 (specimen in NSW), and later collections indicate that it was 
widespread but probably sporadic in inland New South Wales by about 1970. 

The first collection that I have seen from Central Australia was made in Alice Springs in 
1954 (specimen in NSW), with the comment added by the collectors that it was 'said to 
be introduced from Broken Hill'. Anecdotal evidence suggests that it was taken to Alice 
Springs from Broken Hill in 1935 as a garden plant by a Mrs Webb (King 1981: 52). 

In South Australia, Black (1929: 697) listed it, as Runiex roseus, amongst various alien 
species that had 'appeared here and there near settlement and usually as escapes from 
gardens or cultivation'. Twenty years later he (Black 1948) regarded it as fully 
naturalised and included it in the main text of his 'Flora of South Australia' as having 
been growing 'for some years near Blinman'. Since then it has spread to the extent that 
Specht (1972) wrote of it having 'become a tourist attraction in the Flinders Ranges, 
as well as a favourable sheep-feed on hills and flood-plains'. 


Acetosella 


Acetosella vulgaris 

Rumex acetosella L., Sp. PI.: 338 (1753); Acetosella vulgaris Fourr., Ann. Soc. Linn. Lyon, 
ser. 2,17:145 (1869). 
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Type: LINN 464.41; lecto (Love 1983:161,164, as 'LINN 22'). 

Fourreau gave this species a new name in his segregate genus Acetosella, thereby 
avoiding the tautonym that would result from using Linnaeus' epithet in this genus. 
The authority for Fourreau's name has at times been cited as '(Koch) Fourr.', 
apparently on the assumption that Fourreau (1869) based his name on Riimex acetosella 
[van] a vulgaris Koch (1837: 616). However, Fourreau's text does not indicate any 
awareness of Koch's name, merely citing 'Riimex acetosella L.' as though it were a 
synonym of his new name. This is in contrast to new combinations in his publication, 
where he indicates in parentheses the authors of the basionyms. 

There are two sheets in the Linnean Herbarium in London (LINN) relevant to the 
typification of the name Rumex acetosella, each of which has been chosen as lectotype 
by different recent authors. Tlie first, LINN sheet 464.41, was chosen by Love (1983). 
Although Love does not cite the full LINN sheet number as given in the Savage 
catalogue to the herbarium (he cites it only as 'LINN "22"'), his intention is clear, 
because this is the only sheet of Rumex sens. lat. that is annotated solely with the 
number '22' (the number was written by Linnaeus, according to C. Jarvis, pers. comm., 
indicating that this should be accepted as original Limaaean material) and because it 
bears two specimens as stated by Love. The second sheet, LINN 464.38, was chosen as 
lectotype by both Rechinger (1984: 85) and den Nijs (1984: 51, 52). This sheet is 
annotated 'Acetosella 22' and bears three plants, a male and two immature females 
according to den Nijs. The lectotypification by Love is accepted here since it was the 
first and is not in conflict with the protologue. 


Persicaria 

This genus has often been included in Polygonum sens. lat. and therefore the 
basionyms of all the names mentioned below are in Polygonum. However, recent 
studies (notably those by Haraldson (1978) and Ronse Decraene & Akeroyd (1988)) 
have pointed out the considerable differences between these two genera, so Persicaria 
will be recognised, and Polygonum used in the strict sense, in the 'Flora of Australia'. 
Wilson (1988) discussed the segregate genera in Australia and elsewhere, giving a key 
to the genera. 

Polygonum dietrichiae 

Polygonum dietrichiae Domin, Bibl. Bot. 89,1: 613 (1921). 

Type citation: 'Queensland, angeblich Brisbane River, A. DIETRICH No. 1495,1138.' 

Type: Queensland: prope Brisbane River, A. Dietrich 1338, 1863-1865; lecto (here 
designated) PR 526269. 

Residual syntype: Queensland: prope Brisbane River, A. Dietrich 1495, 1863-1865 (PR, 
mounted on same sheet as the lectotype). 

Domin based this name on two very similar specimens with immature flowers. Domin 
suggested that the specimens might be hybrids between Polygonum articulatum 
(= Persicaria attenuata) and Polygonum subsessile (= Persicaria subsessilis). Morphological 
features suggest to me that they are indeed a hybrid involving Persicaria subsessilis, but 
that the other parent is Pers. orientalis. The combination of leaf shape, petiole length, and 
cilia and hair types is intermediate between these two species. There is no green limb 
on the ocreas but leaf shape and hair types suggest Pers. orientalis as the second parent 
rather than Pers. attenuata. I have seen no other material matching these two specimens. 
Dietrich 1338 is chosen as lectotype because it is the slightly better specimen. 
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Persicaria elatior 

Polygonum elatius R. Br., Prodr.: 419 (1810); Persicaria elatior (R. Br.) Sojak, Preslia 46:153 
(1974). 

Type citation: 

Type: New South Wales: Hawkesbury [River] near the first branch, R. Brown (Britten 
3001 — changed on sheet and in catalogue from 2301), Dec 1804; lecto (here designated) 
BM; isolecto BM. 

There are two sheets in BM that can be associated with Polygonum elatius. They bear 
specimens that probably came from the same collection, and both fit the protologue. 
However, only one sheet has a manuscript label written by Brown (details cited above 
under Type) and that sheet is therefore chosen as the lectotype. The other sheet is one 
of those selected by Brown for the Public Collection (Steam 1960) and as usual for such 
sheets lacks an original Brown label. It is not in its original form; the specimen and its 
blue backing paper have been glued to a more modern white sheet, together with a 
piece of blue paper bearing the amiotation (in an unknown hand) that is usually found 
on the reverse of Public Collection specimens: 'N. Hollandia, Pt Jackson, Mr Brown'. 

Persicaria hydropiper 

Polygonum hydropiper forma ciliare Domin, Bibl. Bot. 89,1: 612 (1921). 

Type citation: 'Siid-Queensland: am Logan River (DOMIN III.1910).' 

Type: Queensland: apud fl. Logan River, K. Domin, Mar 1910; lecto (here designated) 
PR 526259 (Domin 3646); isolecto PR 526258 (Domin 3645). 

There are two sheets in PR labelled with the collection details given in the protologue. 
Despite the separate Domin numbers (apparently added back in PR, with a stamp), these 
sheets appear to be from the same collection rather than separate collections. Domin 3646 
(PR 526259) is here designated as the lectotype because it is a larger specimen in 
somewhat better condition than the other. The material on both sheets is slender and 
small-fruited for P. hydropiper, as is most of the tropical material of this species. Danser 
(1927) distinguished the tropical material from the temperate (typical) material of this 
species on the basis of the former being smaller, more slender plants with slightly longer 
cilia on the ocreas, leaves more densely hairy on abaxial nen'es, nut and perianth 
shorter, perianth more densely gland-dotted, and with even the bracts, inflorescence 
branches and stems occasionally gland-dotted. However, these distinctions are not as 
clearcut as suggested (at least in Australia; for example, small-fruited plants are found 
in Victoria), and hence no infraspecific taxa are recognised here. 

Polygonum lanigerum 

Polygonum lanigerum R. Br., Prodr.: 419 (1810); P. lapathifolium var. lanigerum (R. Br.) 
Moore & Betche, Handbook Fl. New South Wales: 119 (1893); P. lapathifolium subsp. 
lanigerum (R. Br.) Danser, Nederl. Kruidk. Arch. 1931: 105 (1931); Persicaria lanigera 
(R. Br.) Sojak, Preslia 48:153 (1974). 

Type citation: 

Type: New South Wales: Port Jackson, in aren[osis] etc prope Hawkesbury [River], 
R. Brown (Britten 3003 [changed on sheet from 2303]), Dec 1804/Jan 1805; lecto (Akeroyd 
1987: 254) BM. 

Akeroyd (1987) effectively lectotypified Polygonum lanigerum on the sheet bearing the 
Britten number although he used the word 'type' rather than 'lectotype' since he 
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apparently regarded the type as consisting of tv\'o duplicate sheets. However, there are 
in fact three sheets that are potential type material, all differing in their label information 
although the actual specimens are similar and could have come from the same source. 
The lectotype is the only sheet bearing a label written by Brown, as well as the standard 
blue Tter australiense' label annotated as Britten number 3003. The two dates on the 
Brown label are interpretable as the date of collection, followed by the date on which 
Brown prepared his manuscript description of the species (E. Groves and D. Moore, pers. 
comm.). The other two sheets in BM may be isolectotypes but bear less detailed 
handwritten labels (none written by Brown). One of the two sheets is labelled 
'Polygonum tomentosum/Port Jackson' by Dryander; the other is similarly labelled but 
is also annotated 'Nova Hollandia, Port Jackson, Mr Brown' in an unknown hand. The 
latter specimen is probably the material selected for the Public Collection (Steam 1960). 

1 regard this name as a synonym of Persicaria lapathifolia. Woolly-leaved specimens of 
Pers. lapathifolia have been separated as Pers. lanigera at various times. Bentham, for 
example, treated this as a distinct species, but it seems to be a sporadic variant not 
worth recognition (Wilson 1990:623) — the same plant may bear both woolly and non¬ 
woolly leaves, or leaves may be woolly on only the abaxial surface. The same 
conclusion was reached by Cialdella in Argentina (Cialdella 1989: 201). 

Persicaria strigosa 

Polygonum strigosum R. Br., Prodr.: 420 (1810); Tracauion strigosum (R. Br.) E. Greene, 
Leaflets Bot. Observ. Criticism 1: 22 (1904); Persicaria strigosa (R. Br.) H. Gross, Bot. 
Jahrb. Syst. 49: 308 (Jan 1913); Trueilum strigosum (R. Br.) Sojak, Preslia 46:149 (1974). 

Type citation:D.' 

Type: New South Wales: Port Jackson and Hunters River [= present-day Williams 
River], R. Brown (Britten 2997), 1802-4)5 ; lecto (here designated): BM (right-hand 
specimen on sheet, lying below the Brown label annotated 'Port Jackson and Hunters 
River'; isolecto BM. 

There are three sheets in BM that should be considered in typifying the name 
Polygonum strigosum. The most fully labelled and therefore most readily identified 
specimen is Britten number 2997, which Park (1968) chose as lectotype in the following 
words: 'TYPE: AUSTRALIA. NSW: Port Jackson, 1802-5, Brown s.n. (three sheets at BM 
and one at K; one with no. 2997 at BM has been designated as type. This sheet includes 
six individuals from two different localities, and one of them from Port Jackson is here 
designated as LECTOTYPE'. 

This statement is inadequate as a lectotypification, because neither in his publication 
nor on the sheet in BM did he indicate which of the six specimens on the sheet no. 2997 
he was choosing as lectotype. Park's reference to sheet no. 2997 can be accepted as the 
initial step in the lectotypification process, which is here completed by clear indication 
of which specimen on that mixed sheet is the lectotype. 

Sheet no. 2997 bears six individual specimens of the same taxon and four labels, but 
there is no unequivocal association between the specimens and labels. In the lower 
left-hand corner is a printed blue 'Iter australiense' label bearing the Britten number 
2997. In the upper comers are two Robert Brown field-labels; that in the upper left 
amiotated 'Port Dalrymple/Jan 1804', that in the upper right annotated 'Port Jackson 
and Hunters River'. The fourth label, annotated 'Polygonum aculeatum' in 
Dryander's script, lies on the right, just below the Brown label. 

The specimen on the right-hand side of the sheet lies below the 'Port Jackson and 
Hunters River' label and the Dryander label, and is clearly distinguished from the 
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other five specimens by its larger leaves. It is this specimen that I am treating as the 
lectotype. The other five specimens are all of similar facies, with smaller leaves than 
the lectotype, and could be construed as belonging to the left-hand label (Tort 
Dalrymple/Jan 1804'). However, this species is not known to occur in Tasmania so the 
left-hand label is probably an admixture from some other collection. It should be noted 
that Brown's locality 'Hunters River' actually refers to the present-day Williams River 
rather than the nearby Hunter River (Vallance 1990: 66, 83). 

Besides this sheet there are two others, here regarded as probable duplicates of the 
specimen chosen as lectotype, despite their lesser labelling. One sheet bears only a 
label in Dryander's hand, 'Polygonum aculeatum'. The other sheet is apparently a 
re-mounted specimen from the Public Collection, comparable to that discussed under 
Pers. elatior, with part of the original blue sheet and its attached specimen glued to a 
new backing sheet, and bearing a blue label 'N. Hollandia, Pt Jackson, Mr Brown'. The 
several specimens on each of these sheets are morphologically like that designated 
here as lectotype and could have come from the same collection. 

Polygonum strigosum var. glabratum 

Polygonum strigosum R. Br. var. glabratum Domin, Bibl. Bot. 89,1: 614 (1921). 

Type citation: 'Nordost-Queensland: sumpfige Stellen bei Harveys Creek (DOMIN 
1.1910).' 

Type: Queensland: distr. Cairns: apud rivulum Harveys Creek, K. Domin, Jan 1910; 
syns: PR 525271 (Domin 3658), 526272 (Domin 3659). 

This name is based on two Domin specimens (which are probably duplicates) that may 
be either Persicaria dichotoma (Blume) Masamune or Pers. dichotoma X Pers. strigosa — 
their morphology suggests the latter, being rather intermediate. No lectotype is 
chosen, pending further study in the field to elucidate the status of these and a few 
other specimens. Despite the different numbers (not given by Domin in the field but 
added to the sheets by an unknown person back in PR), these specimens are very 
similar and probably came from the same source. 


Rumex 


Rumex bidens 

Rumex bidens R. Br., Prodr.: 421 (1810). 

Type citation: 'D.' 

Type: Tasmama: Port Dalrymple, R. Brown (Britten 2308 [altered to 3008 in Britten's 
catalogue]), Jan 1804; lecto (Rechinger 1984: 91, as 'R. Brown, Iter Australiense 2308, 
1802-05') BM; isolecto BM. 

The name Rumex bidens is based on Robert Brown material from Tasmania. There are two 
relevant sheets in BM. Rechinger (1984) did not specifically state his type citation to be 
a lectotypification but it is here accepted as such since he did clearly indicate as 'typus' 
the only sheet in BM labelled as Britten number 2308. Besides this sheet, there is also in 
BM a sheet from the Public Collection set aside by Brown (Steam 1960). This second sheet 
bears a label written probably by Dryander, 'Rumex bidentatus Port Dalrymple', and is 
annotated on the back of the sheet 'Ins. van Diemen/Port Dalrymple, Mr Brown'; it is 
probably from the same fruiting collection as Britten no. 2308. 
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R. muelleri Meisn. in A.P. de Candolle, Prodr. 14: 61 (1856). 

Type citation: 'Circa Melbourne Australiae Felicis (Dr. Ferd. Muller!) R. Drummondii 
Miill., (non Meisn.)... v.s. comm, a cl. Bonder.' 

Type: Victoria: ad fl. Yarra, prope Melbourne, f. Mueller; lecto (here designated) NY; 
probable isolecto G-DC n.v., microfiche 14-61-86. 

Runiex muelleri is a synonym of R. bidens. It is based on material collected near 
Melbourne by Mueller. The lectotype sheet in NY is stamped as having been in 
Meisner's own herbarium and is chosen as lectotype because it bears good material that 
fits the protologue and it is clearly annotated by Meisner as representing his taxon 
R. muelleri ('Rumex miilleri nob. (No. 17. Aug. 54)/Misit am Bonder Jul 1854'). The 
original label was handwritten by Mueller, who named the specimen as 'R. drummondii 
Meisner'; Meisner has amended this to 'Ferd. Muller non nob. [nobis]'. It is a fruiting 
specimen. Also on this sheet is a small packet containing a fragment of the type 
number of Rumex drummondi, q.v. 

There is a similar sheet labelled R. muelleri in G-DC that is probably an isolectotype, 
but it is slightly less mature and it differs in having a printed 'Plantae Miillerianae/ 
Nov. Holl. meridionale' label, with the only handwritten details on the label (written 
by Mueller) being 'Rumex drummondii Meisn./ad fluv. Yarra/1854'. The standard 
Prodromus label giving the species reference (volume-page-species' number) is 
annotated 'R. Mulleri nob.', apparently indicating that Meisner had examined and 
annotated this material. However, this is not certain because the annotation is not in 
Meisner's usual script and was probably made by someone working with de Candolle 
(H. Burdet, pers. comm.). The sheet is regarded as no more than a probable 
isolectotype because it also does not mention any cormection with Bonder. 

There is a sheet in K with the same collecting details as the lectotype of R. muelleri, but 
it has not been determined by Meisner nor is it labelled as having come from Bonder s 
herbarium, so it probably has no type status. 

Rumex brownii 

Rumex brownii Campd., Monogr. Rumex: 64, 81 (1819). 

Type citation: 'Ad portum Jackson' [Port Jackson], R. Brown. 

R.fimbriatus R. Br., Prodr.: 421, non Poir. (1804). 

Type citation: 

R. brownianus Campd. ex J.A. Bchultes & J.H. Bchultes, Byst. Veg. 7,2:1395 (1830); nom. 
illeg. vel sphalm.? 

Type citation: 'Ad port. Jackson.' 

Type (for all three names): New Bouth Wales: Port Jackson, R. Brown, Britten 3007, 1803; 
lecto (here designated) BM; probable isolecto BM, K. 

Typification for all three names above is based on Robert Brown material. In BM, there 
are four collections that could have been used by Brown in describing this species. 

The best documented sheet is here designated as lectotype. It is a fruiting specimen, in 
good condition, on a sheet with a blue 'Iter australiense' label, annotated as no. 3007 
in the Britten sequence, and with a label written by Brown giving the collection details 
cited above. 
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In BM, there is also a sheet (bearing a poor specimen) probably from the Public 
Collection with a printed label 'Port Jackson' with a label handwritten probably by 
Dryander, 'Port Jackson/Rumex plebejus'. It is impossible to check the back of this 
blue sheet for the characteristic Public Collection annotation (Steam 1960) because it 
has been cut down and glued to a white sheet. However, this specimen seems to have 
come from another, formerly mixed sheet, which still bears a specimen collected 
apparently by Dallachy and Goodwin near the Darling River (sent by Mueller) and 
with the annotation that a collection 'N. Hollandia, Pt Jackson, Mr Brown' (the 
standard style of annotation on Public Collection sheets) has been removed to a 
separate sheet. There are also two sheets collected by Banks and Solander, one with 
'Botany Bay' written on the reverse of the sheet, the other without locality; neither is 
annotated by Brown. 

It is not known what material Campdera saw. He has not annotated any of these 
specimens in BM. It is possible that Brown had sent him a specimen, as he did to other 
botanists at times, but the whereabouts of Campdera's herbarium is unknown. 

It is not clear whether R. brozunianus was intentionally published as a new name or was 
a slip of the pen for R. broxvnii. The latter seems likely since the text in Syst. Veg. refers 
to Campdera's protologue, but it is a matter of little importance since the application 
of the name is clear. 

R. alcockii Rech. f., Nuytsia 5:109 (1984), synon. nov. 

Type: South Australia: Eyre Peninsula - Gawler Ranges, c. 32 km N Minnipa, 
P.G. Wilson 526, 16 Oct 1958; holo AD. 

The name Riimex alcockii is here regarded as a synonym of R. broivnii. Although the 
hooked teeth and apex of the valves make R. bwzonii a distinctive species, it is also a 
variable species that needs further study. Rechinger (1984) distinguished plants from the 
Eyre Peninsula - Flinders Ranges areas of South Australia as R. alcockii on the basis of 
their more vigorous growth, their short, thick leaves (the lower ones on average being 
only 2.5-3 times as long as broad), tlreir more numerous flowers per cluster, and their 
larger fruiting valves. However, the distinctions are not as clearcut as he suggested, and 
plants with those characteristics can be found elsewhere in eastern Australia. In South 
Australia there are differences in response to herbicides (C.R. Alcock, pers. comm.), 
that there are at least differences in growing patterns that should be 
investigated further. Rechinger (1984: 107) also suggested that low-growing plants on 
the Yorke Peninsula and Kangaroo Island, S.A., and on the Furneaux Group in Bass Strait 
might represent a separate form (low-growing plants 5-20 cm high, with unbranched, 
nearly leafless flowering stems; small, thickish basal leaves, linear or obovate, often 
constricted below the middle and with a cordate base). However, as with the type of 
R. alcockii, the fruits on these specimens hardly differ from those of typical R. brozvnii and 
so no taxonomic distinction seems warranted without further study. 

Rumex drummondii 

Rumex dniiumondii Meisn. in Lehmann, Plantae Preiss. 2: 272 (1848). 

Type citation: 'Swan River, Drummond, coll. III. No. 207 et? (folia tantum inferiora) 
No. 291.' 

Type: Western Australia: Swan River, Drutnmond 207 [sici; lecto (here designated) NY 
(consisting of a few fruits in a packet mounted on the type sheet of R. muelleri, q.v.); 
possible isolecto NY (mounted on sheet with fragment of R. brozvnii collected by 
Lesson in the Blue Mountains of N.S.W.). 


Wilson, Nomenclatural notes on Polygonaceae 


91 


The name R. dniwmoitdii is here lectotypified on the only sheet that I have seen that 
has been annotated with that name by Meisner. 

Rediinger (1984: 99) partially lectotypified this name by citing Drummond 207 as the 
'type' but he did not give any particular sheet as either holotype or lectotype, merely 
citing a sheet in MEL as 'iso'. There are sheets in various herbaria that bear the 
Drummond number 207 and the material is not mixed so far as seen, unlike some 
other Drummond collections. However, not all those sheets seen by me have been 
annotated by Meisner (nor is there any reason to expect this to be so); sheets in BM, G, 
K, NSW and TCD fall into this category, and that in MEL is likely to be the same. 1 have 
seen specimens annotated by Meisner only in NY and the lectotype specimen is 
therefore chosen from these. 

In NY, there are two poor collections annotated by Meisner. The better is a fruiting branch 
annotated, on a blue label, by Meisner 'Swan River. Drummond n. 207! Fragm. ex hb. 
DC' but he has not obviously named it as R. drummoiuiii. It is possible that the blue label 
does bear this name but most of the label's surface is obscured by a smaller white label 
glued down firmly. The white label refers to 'R. broionW and 'DC. 14. p.61.n.84' (species 
number of R. brownii in Candolle's Prodromus) and probably relates to the fragment of 
that species in the paper packet glued to tlie upper right-hand corner of the sheet; that 
material is labelled by Meisner (on the packet) as being R. brownii collected by Lesson 
from the Blue Mountains and coming from Kunth's herbarium. Since there is no clear 
annotation of this sheet as R. dnimmondii by Meisner, I have not chosen it as lectotype, 
despite its being a somewhat better specimen than the lectotype. 

The other specimen of Drummond 207 in NY, chosen here as lectotype, consists of a few 
fruits of R. drummondii in a paper packet glued to the upper right-hand corner of the 
sheet bearing the lectotype of R. muelleri, q.v. The source of the fruits is not indicated. 
The packet is annotated by Meisner with the name and collector's name and number. 
This is the only sheet tliat 1 have seen with the name 'R. drummondii’ written by Meisner 
and is therefore selected as lectotype despite its obvious shortcomings as a specimen. 

There is a sheet in G-DC (microfiche 14-61-85) that bears a much better specimen than 
eitlier of those in NY, bearing two fruiting inflorescences with a few cauline leaves 
remaining (all basal leaves have been lost). Its facies is certainly consistent with its 
being the source of the branch in NY, but it is not annotated in Meisner's usual script 
(H. Burdet, pers. comm.) so there is no indication of Meisner having seen this sheet. 
The sheet in TCD is very similar. These two sheets are the best examples of the 
collection Drummond 207 that 1 have seen, and should therefore be consulted by future 
workers, in conjunction with the lectotype, if interpreting the taxon and its name. 

The other collection cited by Meisner is Drummond 291, but he cited it with doubt since 
it consisted only of basal leaves and it is therefore not considered suitable as a 
lectotype. I have seen only one specimen labelled as Drummond 291 — in BM. 
Rechinger (1935: 48) stated that he had seen specimens numbered thus in G-DEL and 
W and that they consisted of only the basal leaves of a Rumex. He thought that they 
probably represented R. drummondii. I consider that the specimen in BM might equally 
represent Emex australis. 

Recent collections from the Manypeaks area of Western Australia (e.g. Scott & Yeoli 
NSW 232313 and Wilson 9056 & Frank) named as R. drummondii differ slightly from the 
type collection Drummond 207 in being less robust but the condition of the latter 
(especially in the vegetative parts) is not good enough to be clear whether two species 
are represented or one variable species, or whether hybridisation with another species 
(perhaps R. tenax, R. dumosus or R. brownii) is involved. 


92 


Telopea 7(1): 1996 


R. flexitosiformis Rech. f. is here treated as a synonym of R. dnimiuoiidii, following 
Rechinger (1984). Rechinger originally separated R. flexuosiformis (based solely on the 
type collection) from R. drummondii on the basis of the former's fruiting pedicels being 
less thickened, its broader valves with the teeth longer and more spreading, and stems 
less rigid and branched not only in the uppermost third. The situation needs 
re-assessing when more adequate material is available. 

Rumex dumosus 

Rumcx dumosus A. Cunn. ex Meisner in A.R de Candolle, Prodr. 14: 62 (1856). 

Type citation; 'In Nov.-Holl. orient, subtrop. (A. Cunningham!), Liverpool Plains et 
mont. Coeruleis (Lesson!)... v.s. in h. Cunningh., DC., Kunth, soc. linn. Lond. et comm, 
a cl. Howard.' 

Type: New South Wales: Liverpool Plains, A. Cunningham, [1825]; lecto (here 
designated) NY; probable isolecto K. 

The type citation shows that Meisner used material from several sources in describing 
Rumex dumosus. I have not seen any specimen collected by Lesson in the Blue 
Mountains, but it is likely to have been in Kunth's herbarium that Meisner saw it. 
I have not searched for Kunth collections of this in B or P, nor did I see any duplicate 
of such a collection in NY. However, in NY I did see a fragment of a Lesson collection 
of R. broivnii annotated by Meisner as having come from Kunth's herbarium, 
indicating this connection existed between Lesson and Kunth. 

In NY, I have seen only two specimens that may have been seen by Meisner; neither is 
stamped as belonging to his own herbarium. One bears the old Columbia University 
Herbarium stamp (where Meisner's herbarium was kept before being incorporated in 
NY), and has a branch of a plant and one small label with 'R. dumosus/Liverpool 
Plains/1825' apparently written by Allan Curmingham. It was presumably collected 
by Cunningham on his sole collecting trip on the Liverpool Plains in May 1825 
(McMinn 1970). There is no annotation by Meisner, so this specimen can only 
doubtfully be considered a syntypc. 

The other sheet in NY has no stamp indicating that it came from Meisner's herbarium, 
but it is a new sheet and the specimen (two inflorescence fragments of a Cunningham 
collection in a paper packet annotated by Meisner) may have been separated from 
another older sheet that was in his herbarium. I surmise this since sheets from 
Meisner's herbarium in NY often bear more than one collection, and 1 saw several 
sheets of Polygonaceae to which he had added a packetted fragment of another 
collection, for example, the sheet of Rumex drummondii (q.v.) that also bears a fragment 
of R. brozvnii collected by Lesson in the Blue Mountains and received by Meisner from 
Kunth's herbarium. The packet of the fragmentary specimen of R. dumosus is 
annotated by Meisner 'Rumex dumosus. Forming large round bushes/on Liverpool 
Plains. A. Cunningham in hb. Linn. Soc.'; Meisner has also written descriptive notes 
about the morphology of the specimen on the packet. 

This means that the only specimen of R. dumosus in NY likely to have been seen 
by Meisner (as evidenced by his annotations) is this Cunningham fragment from 
the Linnean Society of London. The original sheet of this collection is now in K, 
having been donated by the Linnean Society in 1915 as stated on its printed label. 
It is the only Cunningham specimen from the Liverpool Plains in K, and is clearly 
labelled as coming from the Linnean Society; it is annotated by Cunningham 
'Rumex dumosus forms large, round bushes on Liverpool Plains', as indicated by 
Rechinger (1984: 96). 
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Rechinger cited this sheet in K as holotype but it lacks any annotation by Meisner, and 
so cannot be taken as such. The fragment from this sheet in NY, annotated by Meisner, 
is here taken as lectotype. As with R. dnimmondii, the unsatisfactory nature of the 
lectotype specimen means that workers should consult the fuller 'parent' sheet as well 
as the lectotype in any future assessment of the application of the name. 

Sheets in MEL and NSW (that sheet ex MEL) are annotated as having been collected 
on the Liverpool Plains by Cunningham in 1825. These are not annotated by Meisner 
but may belong to the same original collechon as the lectotype. 

In de Candolle's Prodromus herbarium in Geneva (G-DC), there is a fruiting specimen 
of R. dumosus (microfiche no. 14-62-88), a Cunningham collection labelled by the 
collector 'Rumex dumosus/Banks of Rivers/Interior. A.C.' This has not been 
annotated by Meisner. 

In BM I have seen only one possibly relevant sheet, bearing a fruiting specimen and 
two labels: respectively 'A plant frequent on open plains as those of Liverpool and of 
the Country South of those vast levees. May 1826/861' and 'Cunningham NW Interior 
of NSWales 1826/Rumex dumosus'. This has not been annotated by Meisner, nor do 
the label data correspond well to the type citation in the protologue, so it is not 
regarded as syntype material. 

Rumex halophilus 

R. halophilus F. Muell., Fragm. 4: 48 (1863). 

Type citation: 'Ad ripam limosam subsalinam fluminis Flinders River, ejus ostium 
versus. F.M. [Mueller].' 

Type: Queensland: Flinders River, Mueller, [Gregory Expedition], 1855-56; lecto (here 
designated) K; isolecto TCD. 

Mueller indicated in the protologue that he was basing R. halophilus on material 
collected by him from Flinders River. No original material has been found in MEL. 
There are specimens at K and TCD collected by Mueller on the Gregory Expedition, 
although these have not been annotated by him with his new species name. The 
specimen in K is annotated as R. halophilus by Bentham. This specimen is selected as 
lectotype; it is mounted on the same sheet as a specimen labelled in Mueller's hand as 
coming from 'Burdekin [River]' but without any collector being indicated. 

This name is a synonym of R. crystallinus Lange. 

Rumex oxysepalus 

R. oxysepalus Meisn. in Lehmann, Plantae Preiss. 1: 625 (1845). 

Type citation: 'In Australia occidentali. Herb. Preiss. No. 1357.' 

Type: Western Australia: In Australia occidentali, L. Preiss 1357; syn LD (depauperate); 
also in B and LE fide Rechinger (1935: 48). 

Meisner (1848) and Rechinger (1984) both suggested that the material on which 
R. oxysepalus is based is probably conspecific with R. drurnmondii, q.v. The only syntype 
that I have seen is in LD and it is in extremely poor condition. Therefore 1 would not 
like to draw that conclusion from this depauperate material since confirmation would 
result in the name R. oxysepalus replacing R. drurnmondii. Pending further study of the 
species found in south-western Australia, I continue to treat the name R. oxysepalus as 
being of dubious application. 
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Corrigendum 


Telopea 6(4): 574 — key entry '12' should read: 


'12 Male glumes with a mucro as long as or longer than the body of the glume; 
utricles glabrous . 11. C. brownii' 








For explanation and description of the Botanical Divisions and Subdivisions of New South Wales see 
Anderson, R. M. (1961). Introduction. Conir. New Soiilh Hales Nall. Herb. FI. New Soiilli Hales Nos 
1-18, pp. 1-15. 



































































CONSERVATION CODES APPLIED TO RARE AND THREATENED SPECIES 


The codes used in this journal follow J. Briggs & J. Leigh (1988) Rare or threatened 
Australian plants 1988 Revised Edition. Australian National Parks & Wildlife Service, 
Special Publication no. 14. 

Distribution categories 

1 species known from type collection only 

2 species with a very restricted distribution in Australia and with a maximum 
geographic range of less than 100 km 

3 species with a geographic range of at least 100 km but occurring only in small 
populations (often restricted to highly specific and localised habitats) 

+ species also occurs naturally outside Australia 
Conservation categories 

X presumed extinct (not found in recent years) 

X presumed extinct within a particular region 

E endangered: species in serious risk of disappearing from the wild within 10-20 
years 

V vulnerable: species not presently endangered but at risk over 20-50 years 

R rare: species that are rare in Australia but not endangered or vulnerable 

K poorly known: species that are suspected of being at risk but data are 

inadequate; 

k poorly known in Western Australia by the criteria of the Western Australian 
Dept of Conservation and Land Management 

Reservation categories 

C species known to be present within a national park or other proclaimed 
reserve; 

a adequately reserved, with at least 1000 plants known to occur in reserves; 
i inadequately reserved, with fewer than 1000 plants known from reserves; 

adequacy of reservation unknown 
t total known populations are in reserves 

Taxonomic category 
? taxonomic status is uncertain 
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